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INTRODUCTION. 


In a previous paper‘! complete analyses of a number of important 
American soils were presented and discussed chiefly from the point 
of view of the occurrence of rare elements seldom sought in soils. 
In that paper, although the analyses were presented under soil-type 
names and classified by soil provinces, the data were not considered 
sufficient to warrant any discussion of the chemical variation of soil 
types or of soil provinces. 

Since then, analyses of additional samples, for major constituents 
only, have been made, and it has seemed that these, together with 
those already published, might furnish a basis for some general dis- 
cussion of the variation in chemical composition of American soils. 

The additional-data, given for the first time in the present paper, 
include the results of the analysis of 45 samples, representing 18 
distinct soil types, distributed in 4 soil provinces. The samples come 
from 22 different localities in 8 States, and were taken with extreme 
care by men familiar with the various soils under field conditions. 


DESCRIPTION OF SOILS ANALYZED. 


The soil-type names, location, character of samples, and short de- 
scription of the soils follow: 


1. Colorado sand. T. 5 N., R. 65 W. Near Greeley, Col. Soil, depth 0 to 14 
inches. This type consists of old stream-borne material derived from the harder 


1U.8. Dept. Agr. Bul. No. 122 (1914). 
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rocks of the Rocky Mountains and deposited over extensive foot slopes, modified in 
places by residual material from underlying sandstone. It is adapted to fruit and 
truck crops where not too loose and subject to leaching. The spot where this sample 
was taken had been cultivated, but supported only weeds at the time the sampling 
was done. Heavy crops of oats and alfalfa were growing on near-by fields. The 
sample is typical. 

2. Colorado sand, subsoil of No. 1, depth 14 to 36 inches. 

3. Oswego silt loam. Two miles northwest of Manhattan. Kans. Depth 0 to 14 
inches. This is a dark-gray soil occupying level to gently rolling upland prairies. 
Tt is of residual origin and derived from shale, with occasional interbedded layers of 
sandstone or limestone and in places outcrops of bituminous coal. This sample was 
taken from a woodlot about 40 years old that had never been in cultivation. The 
productiveness of this type is fair. 

4. Oswego silt loam. Subsoil of No.3. Depth 14 to 36 inches. 

5. Knox silt loam. T.52N., R. 34 W., 2 miles north of Farley, Mo. Depth 0 to 
14 inches. This soil is formed from wind-deposited glacial material. It occupies 
rolling to hilly areas which originally supported a hardwood timber growth. The 
sample was taken on a high bluff from a field supporting a fair growth of clover. This 
type produces good yields of wheat, corn, clover, and grass. 

6. Knox silt loam. Subsoil of No. 5. Depth 14 to 36 inches. 

7. Memphis silt loam. Five miles southwest of Granada, Miss. Depth 0 to 6 
inches. This type occupies uplands and is subject to serious erosion. It is a pro- 
ductive soil. 

8. Memphis silt loam. Subsoil of No.7. Depth 6 to 36 inches. 

9. Memphis silt loam, smooth phase. Five miles northwest of Granada, Miss. There 
is very little difference between this soil and No. 7, except the difference in topog- 
raphy indicated by the name. This sample is a shade lighter than the typical. The 
subsoil is the same as that of typical specimens. The Jocality would indicate the 
close relationship between the soils. . The productivity is good. 

10. Memphis silt loam, smooth phase. Subsoil of No. 9. Depth 6 to 36 inches. 

11. Cahaba fine sandy loam. Three miles northwest of Fort Gaines, Ga. Depth 
0 to 12 inches. This type is alluvial in origin and occupies the older and higher 
terraces along the larger streams in the Coastal Plain of the Gulf States. It is a very 
important agricultural soil. The sample is typical, with the exception that the 
goil is somewhat too brown and the subsoil is nearly as red as the Orangeburg. 

12. Cahaba fine sandy loam. Subsoil of No. 11. Depth 12 to 36 inches. 

13. Cahaba very fine sandy loam. Minden, La. Depth 0 to 12 inches. This 
soil is formed in the same way as the Cahaba fine sandy loam, and except for its finer 
texture has the same characteristics. Soil and subsoil are typical. 

14. Cahaba very fine sandy loam. Subsoil of No. 13. Depth 12 to 36 inches. 

15. Norfolk sand. Near Montrose, S.C. Depth0to8inches. This typeis formed _ 
from worked-over material coming from the higher-lying provinces. It is not pos- 
sible to trace its origin to any particular rock or formation. This type is not pro- 
ductive except when heavily fertilized. The sample analyzed was typical as regards 
the soil, but the subsoil was not so yellow as the typical subsoil. 

16. Norfolk sand. Subsoil of No. 15. Depth 8 to 36 inches. 

17. Orangeburg sand. One mile east of Day School, Terrell County, Ga. Depth 
0 to 10 inches. This type is formed from the worked-over material of the higher 
provinces. Its reddish color is characteristic. The subsoil is a reddish sand under- 
lain at a depth of 3 feet or more by a reddish sandy clay. It is not productive, except 
where it is well fertilized. The sample is typical. 

18. Orangeburg sand. Subsoil of No. 17. Depth 10 to 36 inches. 

19. Orangeburg sandy loam. Two miles east of Fort Gaines, Ga. Depth 0 to 12 
inches. The type consists of a medium grayish brown to reddish-brown sand or 
light sandy loam, from 4 to 5 inches deep, resting on a red sandy clay subsoil usually 
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containing small gravel and iron concretions. It is of moderate productiveness, 
but needs applications of complete fertilizer to give the best results. The sampie 
analyzed was typical. ‘There were iron concretions in this sample having well-pol- 
ished surfaces. 

20. Orangeburg sandy loam. Subsoil of No. 19. Depth 12 to 36 inches. 

21. Greenville sandy loam. Two miles east of Fort Gaines, Ga. Depth 0 to 10 
inches. The soil consists of a reddish-brown medium sandy loam, with a brick-red 
sticky sand to sandy loam subsoil, becoming heavier with depth. Itisofsedimentary 
origin and derived from unconsolidated deposits of the @oastal Plain. This soil is 
one of the most productive soils of the upland Coastal Plain region. The sample 
analyzed was typical. There were in this sample iron concretions of about the same 
size and abundance as in the Orangeburg sandy loam. The surfaces of these concre- 
tions, however, were rough, inclosing soil grains on the surface, which indicates that 
the process of formation is still going on, or that the concretions in the Orangeburg 
sample had been polished by water action since their formation. 

22. Greenville sandy loam. Subsoil of No. 21. Depth 10 to 36 inches. 

23. Norfolk fine sandy loam. One miije north of Elza, Ga. Depth 0 to 10 inches. 
This is a pale-yellow to gray fine sandy loam, underlain by a yellow fine sandy loam 
which grades into a light sandy clay at an average depth of 1S inches. It is derived 
from reworked material carried from the higher-lying soil provinces. This soil is of 
moderate productiveness. The sample analyzed was typical, except that the sub- 
soil was more brownish red than yellow. 

24. Norfolk fine sandy loam. Subsoil of No. 23. Depth 10 to 36 inches. 

25. Norfolk finesandy loam. Three miles southwest of Murphy,Ga. Depth 0 to 16 
inches. The general description given for No. 23 applies equally weil to this sample. 
The soil is somewhat too brown and the subsoil more brown than yellow, otherwise 
the sample is typical. 

26. Norfolk fine sandy loam. Subsoil of Sample No. 25. Depth 10 to 26 inches. 

27. Tifton fine sandy loam. One and three-fourths miles northeast of Bellville, Ga. 
Depth 0 to 12 inches. This type consists of a gray or yellowish-eray medium sandy 
loam, overlying an ocherous-yellow, heavier and more compact medium sandy loam. 
Both soil and subsoil contain iron concretions and the type is known as pimply land. 
The type is derived from unconsolidated Coastal Plain deposits. The Tifton soils are 
somewhat more productive than the Norfolk soils. The sample analyzed is typical, 
except for a slightly redder shade in the subsoil. 

28. Tifton fine sandy loam. Subsoil of No. 27. Depth 12 to 36 inches. 

29. Ruston fine sandy loam. One mile south of Minden, La. Depth 0 to 6 inches. 
The soil of this type is a light-gray or yellowish-gray fine sandy loam, underlain by a 
buff or reddish-yellow, somewhat mottled heavy fine sandy loam or sandy clay. 
The type is derived from unconsolidated sediments of the Eocene period modified 
by an admixture of Lafayette material. The productiveness is low. Both soil and 
subsoil are typical. 

30. Ruston fine sandy loam. Subsoil of No. 29. Depth 6 to 36 inches. 

31. Ruston fine sandy loam. One and one-fourth miles northeast of Bluffton, Ga. 
Depth 0 to 10 inches. The description given for No. 29 applies to this sample, which, 
however, approaches the Orangeburg in color characteristics, the soil being browner 
and the subsoil redder than normal. Otherwise the sample is typical. 

32. Ruston fine sandy loam. Subsoil of No. 31. Depth 10 to 36 inches. 

33. Susquehanna fine sandy loam. Two and one-half miles north of courthouse, 
Smith County, Tex. Depth0to12inches. The soil is a gray to brown fine sand or 
light fine sandy loam, resting on a red or yellowish clay, which is usually stiff and 
plastic and mottled in the lower depths. iron concretions are found throughout the 
soil profile. The type has been derived principally from the underlying clays. It 
is rated as of medium productivity. The soil and subsoil are typical. 


34. Susquehanna fine sandy loam. Subsoil of No. 33. Depth 12 to 36 inches. 
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35. Susquehanna fine sandy loam. Eight miles northeast of Shubuta, Miss. Depth 
0 to 10inches. The description of No. 33 applies to this sample. Both soil and sub- 
soil are typical. - 

36. Susquehanna fine sandy loam. Subsoil of No. 35. Depth 10 to 36 inches. 

37. Susquehanna fine sandy loam. Four miles south of Hartsfield, Ga. Depth 
0 to 12 inches. The description of No. 33 also applies to this sample. The subsoil 
does not seem to be as highly plastic as the average of the type; otherwise the sample 
is typical. 

38. Susquehanna fine sandy loam. Subsoil of No. 37. Depth 12 to 36 inches. 

39. Portsmouth fine sandy loam. Two miles south of Murphy, Ga. Depth 0 to 12 
inches. This is a black to rusty-brown, mucky, fine sandy loam, compact and heavy 
when wet. Large quantities of organic matter in all stages of decomposition are 
present. The type is formed from the worked-over material of the higher-lying 
provinces. When drainage conditions are favorable, the fertility is fair. The soil — 
and subsoil are typical. 

40. Portsmouth fine sandy loam. Subsoil of No. 39. Depth 12 to 36 inches. 

41. Susquehanna clay. Three miles east of Shubuta, Miss. Depth 0 to 4 inches. 
The soil of this type is a clay loam, sometimes containing gravel, and the subsoil a 
stiff, tenacious, red and mottled clay. It is formed from unconsolidated deposits of 
the Coastal Plain. The soil is very refractory and hard to cultivate and at present 
has very little agricultural value. The sample, both soil and subsoil, are typical. 

42. Susquehanna clay. Subsoilof No. 41. Depth 4 to 36 inches. 

43. Coxville fine sandy loam. Florence, S.C. Depth 0 to 8inches. The soil of 
this type consists of a gray to dark-gray moderately heavy fine sandy loam overlying 
a stiff, rather plastic clay, which ranges in color from yellow in the upper part to 
mottled yellow, drab, and bright red in the lower section. Small iron concretions 
and quartz gravel are sometimes encountered in both soiland subsoil. In productivity 
it is only fair. This soil is derived from unconsolidated deposits of the Coastal 
Plain province. 

44. Coxville fine sandy loam. Subsoil of No. 43. Depth 8 to 16 inches. 

45. Coxville fine sandy loam. Lower subsoil of No. 48. Depth 16 to 36 inches. 


PREPARATION OF SAMPLES AND METHODS OF ANALYSIS. 


The preparation of the samples for analysis was essentially that 
described in the previous report * and the methods of analysis were 
those used in the analysis of silicate rocks followed in the previous 
work, and described in detail by Hildebrand.’ 

In carrying on this work the authors gave considerable attention 
to the limits of error in the more important determinations involved 
in soil analysis, and lest too much significance be attached to small 
differences they feel warranted in making the following statement. 
When working on the same sample of a soil of average composition 
the determinations of two analysts who have had experience with 
the methods used should not differ more than 0.50 per cent in the 
case of SiO,, 0.05 in the case of TiO,, 0.20 Al,O,, 0.15 Fe,O;, 0.003 
MnO, 0.10 CaO, 0.15 MgO, 0.05 K,O, 0.05 Na,O, and 0.04 P,O,, 
these figures being percentage of soil, not percentage variation. 
Duplicates by the same analyst should of course agree more closely. 
Variations in the solubility of glassware were found to be a most fre- 
quent source of disagreement in CaO and MgO determination. 


1U.S. Dept. Agr. Bul. No. 122 (1914). 2U. S. Geol. Survey Bul. 422 (1910). 
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The method used for determining phosphorus was tested on 
synthetic mixtures, and as a result it is estimated that the figures 
given for phosphoric acid are within 0.02 per cent of the actual 
amount present. 

Blank determinations were made in all cases, and the silica and 
magnesia corrected for impurities. The quantity of silica in the 
iron and alumina group precipitate had been found constantly so 
small in earlier work that no correction was made for it here. 


RESULTS OF ANALYSES. 


The results of these analyses are given in the following table. 
The results are stated in percentage of the soil dried at 105° C. 


TasiE 1.—Chemical analyses of certain American soils. 
[Analyses by W. O. Robinson and L. A. Steinkoenig; nitrogen determinations by Wm. H. Fry.] 


Great Plains Province. Glacial and Loessial Province. 
F aa Memphis silt 
Colorado sand. Oswego silt | Knoxsiltloam,| Memphis silt loam, smooth 
loam. loam. nea 
Constituent. 1s 


0-14 14-36 0-14 14-36 0-14 14-36 0-6 6-36 0-6 6-36 
inches. | inches. | inches. | inches. | inches. | inches. | inches. | inches. | inches. | inches. 


IP. Gi. IO. Gielen Gis || 2en(a |) LP Me I Je Gm lle Gh JR Ge I) U2. ep 

76. 84 71. 38 68. 74 76. 81 75. 95 81.13 73.58 80. 78 72. 67 
0. 36 0. 68 0. 70 0.70 0. 70 0.78 0. 80 0. 86 0.79 

11. 09 12. 29 14. 45 9.73 11.16 8.52 12. 25 8. 48 12. 80 
ah AL 3. 63 5. 00 3. 26 3.99 2.92 5. 02 3. 05 5.58 
0. 036 0.056 | 0. 057 0.068 | 0. 067 0.027 | 0.067 0. 036 0. 052 
1.08 1.09 0. 88 0. 92 0. 92 0. 31 0. 36 0. 27 0. 26 


0. 62 0. 36 1.12 0. 60 0.74 0.39 0.78 0. 45 0. 84 
2.57 2. 28 2. 20 2.10 1. 60 1.78 2.14 1. 84 2. 08 
2. 06 1.14 1,12 1.74 1.74 0. 52 0.71 0.72 0. 56 
0. 09 0.10 0. 08 0.12 0.10 0. 08 0.14 0.10 0.13 
0. 20 0.12 0.18 0.11 0. 02 0. 03 0. 02 0.03 | 0.04 
0. 07 0. 20 0. 13 0.14 0. 06 0. 11 0. 07 0. 06 0. 05 
2.33 7.11 5. 49 4,09 2.770, 3. 40 4.01 3. 20 3. 96 
River Flood Plains Province. Coastal Plain Province. 
Cahaba fine Pane v Norfolldsand Orangeburg | Orangeburg Greenville 
sandy loam. eee 4 sand. sandy loam. | sandy loam. 
Constituent. i 
(1) | (12) } (3) | (4) | G5) | G6) | G7) | G8) | G9) | (20) | (21) | (22) 
0-12 | 12-36 | 0-12 | 12-386 | 0-8 8-36 | 0-10 | 10-36 | 0-12 | 12-36 0-10 | 10-36 
inches. inches. |inches. inches. |inches.|inches. |inches.|inches. inches. inches. |inches.|inches. 
JENGig NIP a Gis 2 Ons WIeGes | Men Gn || I2.Gi, Ie Gs I Tee Gis IIs) 1Po@is oe Ail) SEA 
SHO nan eon Heaere 91.39 173.25 |93.29 |91.83 |94.81 |97.01 |96.18 |91.86 94.32 |77.20 |92.42 | 73.03 
PISO) ee 0.52 | 0.69 | 0.42 | 0.46 | 0.51 | 0.53 | 0.385 | 0.41 0.40 | 0.66 | 0.41 0.70 
Al, Jancdsosssees 8.72 {13.79 | 2.45 | 3.83 1.42 | 1.31 1.70 | 4.11 2.13 |12.75 | 2.78 16. 11 
Fe,03 See 0.97 | 4.88 | 0.78 1.19 |; 0.60 | 0.52 | 0.59 1.32 0.85 | 3.18 | 1.55 5.11 
WilinOw See aaaee 0.065 | 0.024 | 0.066 | 0.079 | 0.028 | 0.005 | 0.016 | 0.011 | 0.054 | 0.027 | 0.030} 0.016 
(CHO). fecal eee 0.21 | 0.15 |0.15 | 0.12 | 0.19 | 0.03 | 0.08 | 0.05 | 0.05 | 0.09 | 0.01 0.10 
WSO) jo eee ee 0.09 | 0.34 | 6.01 | 0.09 | 0.01 | 0.01 |'Prace. |Trace. |Trace.| 0.08 |T'race.| 0.23 
K,0 60 COU eSeEe 0. 90 1.08 | 0.45 | 0.58 | 0.08 | 0.98 | 0.08 | 0.10 0.10 | 0.14 | 0.138 0.14 
INE OR ae ee 0.12 | 9.10 | 0.03 | 0.05 | 0.12 | 0.08 |Trace. |Trace. | 0.29 | 0.20 | 0.26 0. 26 
P. OP ee amrse sc 0.06 | 0.05 | 0.06 | 0.05 | 0.10 | 0.03 | 0.04 | 0.04 0.05 | 0.08 | 0.05 0.06 
80; ayaeyecreis ic = 0.06 | 0.05 | 0.10 | 0.13 | 0.08 | 0.06 | 0.07 | 0.10 | 0.07 | 0.11 0.02 0.05 
Inge Cee 0.05 | 0.10 | 0.05 | 0.03 | 0.05 | 0.02 | 0.06 | 0.02 0.03. | 0.08 | 0.02 0.03 
Loss on igni- 
TOMBE)... 1.53 | 5.18 2.12 1.61 2.33 | 0.79 1.03 1.75 1.69 | 5.19 2.00 5. 46 
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TABLE 1.—Chemical analyses of certain American soils—Continued. 


Coastal Plain Province—Continued. 
Norfolk fine | Norfolk fine | Tifton fine | Ruston fine | Ruston fine Suequenanne 
sandy loam. | sandy loam. | sandy loam. | sandy loam. | sandy loam. I peng y, 
Constituent. oam. 
(23) | (24) | (25) | (26) | (27) | (28) | (29) | (oO) | (i) 82) | (83) | (34) 
(+10 | 10-36 | 0-16 | 16-36 | 0-12 | 12-36] 0-6 §-36 | 0-10 | 10-36 | 0-12 | 12-36 
jinches. |inches.|inches.|inches.|inches.|inches. inches. |incbes. inches. |inches. inches. |inches. 
IP CEM Ph CE Wy Bibel. Cosi |b. Cbs: || eE> Cb) WE. Chala CEs | aCE an | Cal a | aera Ts 
SiO, JaG Se oE BEE 95.54 |$0.60 92. Fi 89.04 |94.15 176.29 |95.51 |85.95 190.22 |74.80 |90.90 67. 55 
NK Oe alae 3 0.4 0.55 | 0.41 0.78 | 0.36 | 0.60 0. 57 0. 82 
ADO EY }u.70 | 5.97 HO75 [536 | ter fizsi | a7 | os [28 [5-40 HD: 29 | 16.08 
Fe,0., ete | J 0. 62 1.19 1.17 2.04 0. 94 4.01 0. 68 2.65 52 4.09 | 3. 7.52 
VT Oe 0.020 | 0.607 | 0.007 | 0.003 | 0.026 | 0.C06 | 0.017 | 0.008 | 0.020 | 0.009 | 0.024 | 0.008 
CAO. Sal 0.06 | 0.03 | 0.03 0. 01 0.05 | 0.07 | 0.12 | 0.12 0.06 | 0.02 | 0.11 0.16 
Mig Oe ISI ie Trace. | 0.04 |Trace.| 0.07 |Trace.| 0.15 |Trace.| 0.18 | 0.01 | 0.04 | 0.09 0. 60 
KONI are 0.06 | 0.12 | 0.05 | 0.10 | 0.10 | 0.12 | 0.16 | 0.36 | 0.12 | 0.08 | 0.28 0. 66 
Nap Ones ae 0.18 | 0.14 | 0.01 |Trace. |Trace. |Trace.| 0.04 | 0.04 | 0.14 | 0.10 |Trace. |Trace- 
P20; MAN Ea 9.05 | 0.04 0.04 0.03 0. 04 0.05 | 0.04 0.05 | 0.05 | 0.07 | 0.04 0.05 
SO, CEES A ERA OLE 0.03 | 0.04 0.05 | 0.06 0.06 | 0.07 | 0.28 0.13 0. 04 0.05 | 0.07 0.05 
IN eS ba 0.06 | 0.02 | 0.04 0.05 0.04 0. 04 0.07 | 0.08 0.05 | 0.03 | 0.08 0.05 
Loss on igni- a 
CLOT WE94 AIM QNS TON 2635 2550 | 2981 SS 7 Siri a e49 3815 MSs bole le argh oan 6.75 
Coastal Plain Provinee—Concluded. 
Susquehanna | Susquehanna! Portsmouth lla § 
fine sandy fine sandy fine sandy Susie name Comme fine sandy 
Constituent loam. loam. loam. Ee Wea 
(35) (386) | @7) | (38) | (89) | (40) | (41) | (42) | G8) | (44) | (45) 
0-16 | 10-36 | G12 | 12-36 | 0-12 | 12-36] 0-4 436 | 0-8 8-16 | 16-36 
inches.) inches. |inches.|inches.|inches.|inches.|inches.|inches.|inches.|inches. inches. 
) PB. che | Batts: | Pacha P. chi Pacts Pct.) |e Cts) ach els Chas tela C iam rete 
Si0. Matas fapetcha tals (siete leper 91.37 67.47 |91.17 |75.04 (94.85 |94.61 |76 67 |62.07 |92.92 |92.81 80. 63 
RIOS Fetes se en cae 2.78 0. 7. 0. 42 0. 82 0. 56 0. 56 1.02 1.00 0. 84 0. 96 1.16 
AE Os.) ui ea Y 7/9 i488 | 3.65 13.38 | 1.37 | 2.97 | 8.98 [18.45 | 1.19 | 3.65 | 11.08 
ik C5 Oa reeeeree ie ne nists. 3.00 9. 43 1.31 5. 04 0. 41 0.33 6. 05 8.42 | 0.58 | 0.77 2.61 
hi Wak CES iets esl aed 0.013 0.006 | 0.063 | 0.007 | 0.003 | 0.002 | 0.097 | 0.013 | 0.010 | 0.005 | 0.005 
COR HOUR EN rye Mba sa 0.04 0.10 |Trace. |Trace. |Trace. |Trace. | 0.40 | 0.37 | 0.05 | 0.08 0.08 
Ie Sans NM ls Ol 0.03 0.52 |Trace. |Trace. |Trace. |Trace. | 0.32 | 0.67 | 0.01 | 0.01 |Trace. 
ECA OAL ENE ey a 0. 10 0.46 | 0.12 0.16 0.06 | 0.02 0. 56 0.76 | 0.08 | 0.06 0.08 
Ng ONG a NO eas 0.12 Trace. |Trace. | 0.01 0. 06 0.02 | 0.01 0.02 | 0.12 | 0.06 0.14 
Py Hea boupaceooaocdEe 0.09 0.10 0. 04 0.10 | 0.05 | 0.06 0. 06 0.05 | 0.04 | 0.03 0. 04 
So, BS I Cray es rene 0.08 0.07 | 0.08 0.04 0. 03 0. 03 0.04 0.05 | 0.05 | 0.05 0.07 
Nee hs LS aeaeine 0.93 | 0.03 | 0.05 | 0.01 | 0.05 | 0.03 | 0.07 | 0.05 | 0.08 | 0.02 | 0.07 
Loss on ignition..... 2. 2. 26 6217 (3.1L 56.80 2526) 1) D616) (95542 | | 8 l09N | Reso ys eas 4.36 


The previously published data, to which reference has already been 
made, and which it is proposed to discuss in connection with the 
analyses presented in the foregoing table, comprise the analyses of 
twenty-four samples, representing twelve soil types distributed in 


four soil provinces. 


The results of these analyses, for major constituents only, are pre- 


sented in Table 2. 
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TasLe 2.—Chemical analyses of certain American sotls. 
[Analyses by W. O. Robinson.] 
Constituent. 
Province and type. | Depth. 
SiOe. | AleO3. | Fe2Os. | CaO. | MgO. | KsO. | NasO. | P2Os5. | SOz. 
ae | 
Coastal Plain: 
Norfolk sandy 
Joam— Inches. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Per ct. 
Soil.......-- 0-14 94. 50 2.07 0.83 0.39 0. 09 0.10 0.11 0. 06 0.07 
Subsoil......| 14-86 85.3 8. 82 1.91 -38 .19 12 -07 - 04 oils} 
Limestone Valleys: 
Decatur clay 
loam— 
Soillye iss ser Q- 4 79. 35 8.89 4.44 - 63 39 67 24 -18 -13 
Subsoil.....-| 415] 74.81 | 12.80 5. 28 -40 soe) 5 0} -16 15 .19 
Hagerstown 
loam— 
SioillSaaonouces 0-8] 70.99] 11.39 4.23 93 1.08 2.71 . 82 .19 34 
Subsoil.-...-- 8-24 66. 49 14. 80 5.99 .35 1.93 3.58 . 66 -16 14 
Glacial and Loessial: ; 
Volusia silt 
75.12 10. 49 4.13 49 48 1.40 -90 -18 09 
74. 64 12. 26 5.01 37 - 90 1.99 - 99 15 -10 
75. 61 9. 67 3. 54 1.08 ode 2.28 1.03 22, Sle 
71.43 13. 44 4, 28 1.40 1.28 2.038 - 63 -16 14 
65.68 | 14.15 5. 67 1.36 . 83 2.16 1.39 15 oll? 
Subsoil......| 8-3 73.80 | 13.24 4,37 1.19 - 39 2. 22 7} 11 -03 
Piedmont Plateau: 
Cecil clay— 
Soke eee: | QO 6] 66.49 | 17.11 7.43 36 31 - 62 -16 alle -07 
Subsoil.....-! 6-36 44.15 27.58 16. 23 «44 -09 - 61 15 15 07 
Cecil sandy ; 
loam— 
Soll sedeoss 0-8 88. 57 5. 76 1.55 39 aPAl 82 .16 -08 - 04 
Subsoil 8-36 55. 69 24.42 8.83 40 29 1.06 .14 07 - 09 
Durham sandy | 
Joam— | 
Syor ee Sa a 0-10 80.79 10. 55 1.61 89 .19 3.96 -87 -12 - 06 
Subsoil.....- 10-36 69. 35 18. 04 3.42 72 . 29 3.34 . 89 -12 - 06 
York silt loam— 
Sole 554548 0-10 | 76.71 | 12.85 2. 81 08 29 3. 26 .39 -05 .12 
Subsoil......| 10-22 74.38 16.31 2. 56 21 -38 4.07 - 30 -05 14 
Louisa loam— 
SOUS Ma 0-12 84.58 | 5.54 3.30 oPAl 575) 74 14 ol2, 15 
Subsoil...... 12-30 | 74.99 | 10.90 6.75 . 26 32 97 28 $15, .16 
Penn silt loam— 
Sols Gy ace eae | 0-9 74.33 11.00 4.64 1.13 . 69 1.57 1.53 .16 215 
Subsoil...... 9-24 71.76 14.36 5. 82 1.73 1.06 1.50 1. 54 -10 -10 


8 BULLETIN 551, U. S. DEPARTMENT OF AGRICULTURE.. 


PETROGRAPHIC EXAMINATION. 


In the samples analyzed a search was made by the petrographic 
method for the presence of the more important soil minerals. Those 
sought for and their formulas are: 

Quartz=Si0,. 

Magnetite=Fe,0,. 

Orthoclase=KA1Si,Os. 

Microcline= KAI1Si,03. 

Biotite=About (H, K).(Mg,Fe),A1,Si,0;>. 

Muscovite=A bout H,KA1,Si,0,5. 

Plagioclase=Isomorphous mixtures of NaA1Si,O, and CaAl1,Si,O,. 

Hornblende=Chiefly Ca(Mg, Fe),Si,0O,, with Na,AIl,St,0,, and (Mg, Fe),(Al, Fe), 
Si,O,0- 

Epidote=HCa,(Al, Fe),Si,0j9. 

Titanite=CaTiSi0;. 

Garnet=R, R,(SiO,), in which R is Ca, Mg, Fe, and Mn, and R is Al, Fe, and Cr, and 

rarely Ti. . 

Apatite=(CaF) Ca,P,0,.. F may be replaced by Cl. 

Zoisite=Ca, (AIOH) Al, (Si0,)s. 

Cordierite=H,(Mg, Fe), A1,Si, 9037. 

Chlorite= Probably a mixture of H,(Mg,Fe),Si,0, and H,(Mg,Fe),Al,Si0,. 

Cyanite=A1,Si0,. 

Sillimanite=Al1,Si0,. 

Tourmaline=A complex silicate of B and Al, with Mg, Fe, or the alkali metals promi- 
nent. ; 

Rutile=Ti0,. 

Zircon=ZrSiOy,. 

This search, it should be understood, involved an examination 
of a reasonable number of subsamples and the expenditure of a rea- 
sonable time, the results being relative rather than absolute. Expe- 
rience in this work supports the conclusion that by extending the 
search indefinitely, nearly all the minerals sought would be found in 
traces in most soils. 

The results of the petrographic examination are presented in Table 
3. In this table P. indicates that the mineral is plentiful, S. present 
in small amounts, VS. in very small amounts, T. in traces. A plus 
(+) or minus (—) sign after a letter has the usual significance. 

The petrographic method as at present developed throws no light 
on the mineral character of soil material finer than silt, and as a 
consequence not only does it fail to give any information regarding 
the chemical character of that portion of the soil that probably is 
most reactive chemically, but may give rise to apparent discrepan- 
cies when the petrographic data are compared with the results of 
chemical analysis. 
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Taste 3.— Mineralogical analyses of soils for which chemical analyses are given in Table 1. 


[Petrographic examination by Wm. H. Fry.] 


' | : A 
er ilies ;f88,8)3 3 | 4 
S12)8) (SEs lel elelelalé 
5 0 ~~ rt = 5 a = Bij 6 
Province and type. $ o/s |e 8 8 Sk i) a i) ral c= F =I = g 
S/HIS/ElS (ers Pl elSl se 8 /£)8 1/818 
Ss en eet Nes (oS eS SiS iene S| S igo sols 
PlslOlsalelse Stilt ialslolalalainx 
Great Plains province: 
Colorado sand, 0-14.......... P.| T.| P.| S. | VS.) VS. TR iS |asooloeealls an 
14-36.....-..-.- P.| T.| P.| S. | VS.) VS. Ia iS | adele a 
Oswego silt loam, 0-14-....-... IDs GP Te ath |S el NAS) VS.|VS.|VS.| T Vs 
Seen TE ME TRON es is AS) VS.|VS.| T VS.| T 
Glacial and Loessial province: 
Knox silt loam, ses weer IBS Abo iiSe. ety ate ye ANS | ANG INAS aeells = ae NAS) | a0 
eee rye 1B ARP ESE yea | ANS ASK: WE NAG pM Ee ta Da Be 
Men ohiscililoasn sae he P.| T.)S+]....) 8. | VS. VS.|VS.|VS.| T. |. =|} 4B INAS oon = 
6-36....-. P.| T.| S. ]....| TB.) 8+ 2 bol WASH) Ut ]) RE N ae Shale es 
Memphis silt loam, 0- 6...-... 1e6 |) abe tits) .|VS.)VS.|. te || Aes be abe || Ae | NAS). 
6-36...-.. Peels EIN ASS [oo u AR Re esa es of WASH cece 
River Flood Plains province: 
Cahaba fine sandy loam, 0-12.) P.| T.|VS.| T. wit tab Bente ed Beale bh 
olf ea (ae, WAS a F ahs IASI) ant 
Cahaba fine sandy loam, 0-12.) P.| T./VS.|T— ol) te) Ab. PN 
12-36.} P.| T.|VS.)_... See Ree Pa bette 
Coastal Plain province: 
Susquehanna clay, 0- 4.....- DEN Bell ied Da aie lee Sats WASH ant 
=o Oe ee ES RO ad RO) PVG Aa 
Coxvillefinesandyloam, 0- 8.) P.}T—|_...}___. ane I iA NS (a Fae 
-| Be yT—)....}.... be Bee Ae ee 
16-36.) P.|T—|. Been See cease | eres | cD 
Norfolk sand, 0- 8..... eye (ad erg lee [Ree Ty: RUE AY eee 
8-36..... Drea De ei etal T. | I eee 
Orangeburg sand, 0-10. AT | a TAS Tee pO Te Sl aN AI NASiI) abo |p taba any 
10-36 SINS SE on lee sae eee RP a AIS se Bo bed eg heed Doli A Re aed Be 
Orangeburg sandy loam, 9-12.) P.) T.|....}....|...-).2--|.-.-].---|--2-].---}---- Be Sled RM htt Be 
dP aK es el orl ad NSH Fetes es (eam Ys A ATE a See ee af aN gp ae |p nhs |) ae 
Greenville sandy loam, 0-10.) P.| T.| T.}_...|...-|...-|...-]....]--.-}.---|---- ONE PTE SH INE ee 
10-365)" Ro| De p22 Ba) A A BORE RE ey BARE Sage asec lacce 
Norfolk finesandyloam, 0-10.) P.|T—|.... LEA FEA) yaw i BPS Nee et Fa Bac Wa 
-36.| P.|T—|__.. Re RI Seal Psion NES We i Oye foe Gad fall Be Wak 
Norfolk finesandy loam, 0-16.)} P.|T—|_... Lie Hee Oe Suaal bab a Sas IMSEiae 
16-36.) P.|T—|._.. AVE PO ek Silas Sasalb2oo|| ASL) ay 
Tifton fine sandy loam, 0-12..| P.| T.|.... Cy eal Salta ae Sollgomell abo yeh. | Mb 
12-36..| P.| T.|.... aleeolls fll and ect] Ed (ested Wid Pa Ha 
Rustonfine sandyloam, 0- 6.| P.| T.| T. Aas | Ball We sets EE ee Pr TG Sale 
of fel fas | Aes We PA Ne Ne eeselfied er aed Bath A 
Ruston fine sandyloam, 0-10.| P.| T..|..-- eset GE AT ane) ae A A i (Nn Wo id We A 
P. | tT}. I a | aetna eh st HOSEA Rs Sa Be eat 
Susquehanna fine sandy : 
loam, 0-12..........-.--..-- Ts |}. fae =| 40 He Hs Nl ees of) BS 4, | lak 
NOESY) SRE Bete ee ee IDS | Gena i NASI eS Fis al Senses eat Nea TA 
Susquehanna fine sandy 
Noam O=1Ok sano oe eee Dr] [aed Mtr aed Mi meas 1 DT ate We WA ara sis, «|| veel ghey Sei eee |e 
10-SOM eee ee aa a wea er I A lV Vee ie elem a syle te Bee 
Susquehanna fine sandy 
loam, 0-12...-.....2........ SP PRAY SD eatin | Ua ap Ue esl BN Lee T-— NE \ iirc ell eee TV 
WB GR ale yaeia ie esa oo Dear fed Bed aeetaee ea Reese (1d PTV aN eae gt ve fs A ts 2 Se ester hie Bean (ess 
Portsmouth fine sandy 
NoamyOHU ae eel eter Al Nes Ma a Fre ST PE Sa] SFL | IS RI A ae Nd el is 
PRG ei eeslalll aioli bail. SPR Se cle ap onc SD Ute 20 “bs Ds 


In addition to the minerals mentioned in the table, a few others 
were sought but found once or twice only. These were: Garnet, a 
trace only, in the subsoil of Knox silt loam; apatite, a trace only, in 
the Cahaba very fine sandy loam; zoisite, a trace, found in soil of 
Knox silt loam, and the lower subsoil of Coxville fine sandy loam; 
cordierite indicated but not conclusive in subsoil of Greenville sandy 
loam; and chlorite, a trace, found in the subsoil of Susquehanna clay. 


DISCUSSION OF DATA. 


Preliminary to any discussion of these data it should be observed 
that they are still too meager to warrant conclusions regarding many 
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phases of soil composition concerning which it is extremely desirable 
to reach conclusions, but with this limitation in mind it is thought 
that the following topics may be discussed from the point of view of 
chemical composition: Relation of soil to subsoil; extreme variation 
in composition; variation in soils of the same province; variation in 
soils of the same type; and the relation of the limit of error in analysis 
to quantities of constituents. 


RELATION OF SOIL TO SUBSOIL. 


It has been commonly observed that where there is a distinct sub- 
soil, differing in color and texture from the surface soil, there may 
be a marked difference in the chemical composition of the two and 
that this difference is most marked in the content of silica, iron, and 
alumina. Usually it is found that the silica is higher in the surface 
soil and the iron and alumina in the subsoil. 

The analyses presented here are in accord with this experience. 
Thirty-four locations are represented by soil and subsoil, and in all 
but two cases the silica is higher in the surface soil. The iron is 
higher in the subsoil in all but five cases, and the alumina in all pict 
one. 

Allowing a limit of error for all determinations of 0.05 per cent 
and regarding all figures that do not differ by more than 0.05 as equal, 
the relations of soil to subsoil in composition are summarized in 
Table 4 

in this table are stated the number of locations where soil and 
subsoil are the same in composition with regard to any constituent 
and the number of locations where they were found to differ by 
amounts of 0.05 to 0.5, 0.5 to 1, and more than 1 per cent. 


TaBLE 4.—Comparison of soils and subsoils, as regards chemical composition. 


Group. SiO». | Fe,03. | AlO3. | CaO. | MgO. | KeO. | NasO. | PsO5. | SO3. 
Goll higher, more than 1 per 
OTN TES AA SAE So SEE Sit 28 1 Peres eee non ee ane ere 8 eh oe oleae conde 
Soil higher, 0.5 to 1 per cent..| Beem sete el LLL OSA SSCS SOS SIL ee 
Soil higher, 0.05 to 6.5 per 
CENT a eereaieisiei- a/-leet eet 1 4 1 8 3 5 zi 3 5 
Soillandismbsoulequ ales ss | 5 eens ae See ee ee 19 7 12 22 29 | 24 
Subsoil higher, 0.05 to 0.5 | | 
DOL COs peer {O(a ee ilk Pea a Sms G2 6 21 as) 5 2 5 
eubsell higher, 0.5 to 1 per | | | 
CORT aye tae te SP os pees Say 11 1 1 3 WN earce cealfae = 324 s)ocSes0c 
Subsoil higher, more than 1 | 
PELICENT Awe) ee | 2 | 1§ 82) Skok Sa] be snares | eels edie a eesee sic See |S 


EXTREME VARIATION. 


The soils analyzed represent a wide variation in kind of material 
from which they have been derived, processes of formation, topog- 
raphy, and present climatic conditions, and probably represent for 
some of the constituents nearly the extremes in composition of soils 
in this country. 


aes 
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The extremes in composition with regard to major constituents are 
as follows: 


i Per cent. 
PTC SO a ea A yen ae Bc 97.01 to 44. 15 
TBRONLA BOSON CUM RR Raye Leas Ek IL A tS a a a 16.23 to 0.33 
PAvlauaaatiameA Gree seh) eis. fee a Rea a yee 27a GO! ib £9 
TBeatteielhy ECO aaa AIM Gi CCGA haa 4.07 to 0.02 
Sole) NE ORR sea a eRe ts I EE AEE ere ene 2.06 to 0.01 
PMT MO AON Ce cous vics toc. hae LON eee RA he OW Lento SON 01 
IN evap SRSTy Ue Oe a me el ce I 1.93 to 0.01 
nosmhonieiacrd WP Oss bcos.) See Ee pale Bw 0.22 to 0:03 
Sel ol UMS KCNC SLO a Ame PCS a 5/0 ee ace 0.34 to 0.02 


There were 9 samples in which there were but traces (less than 
0.01 per cent) of soda, 13 with but traces of magnesia, and 4 with 
but traces of lime. 

In discussing the extreme variation shown in the samples analyzed 
the authors wish to avail themselves of general information they have 
regarding soil composition, based on partial analyses of other samples 
not here reported, and hold to the following opinion: 

The maximum and minimum figures for silica, iron, and alumma 
stated above, while probably not the maximum or minimum of soils 
of the United States, are probably nearly so, and soils exceeding this 
maximum or not reaching this minimum in content of these con- 
stituents are not often met, except in the case of quartz sands on 
the one hand and muck soils on the other. 

With regard to potash the same statement applies, although to a 
less extent. No soils have been encountered in these laboratories 
having less than 0.01 per cent K,O, and while there are soils con- 
taining more than 5.0 per cent K,O they are not common. 

Less is known regarding the true maximum and minimum of soda 
content, for the reason that so few soils have been completely analyzed 
and there are few available data for this constituent. It is probable 
that in humid regions the maximum soda content of soils is consid- 
erably less than that of potash, and instances where but traces are 
present are not uncommon. 

The results for lime and magnesia, while representing the minimum, 
are far from the maximum. Soils derived from calcareous material 
and as yet unleached may, of course, be very high in both lime and 
maenesia content, but even where there is little or no carbonate 
present the total content of lime and magnesia. may each be above 5 
per cent. 

The figures for phosphoric acid do not represent the maximum or 
minimum. It is not uncommon to encounter sols containing 0.01 
per cent, and soils containing as high as 0.8 per cent are often found, 
although generally confined to small areas. 

The knowledge of the total sulphur content of soils is not extensive 
enough to make any general statement regarding the maximum and 
minimum content. 
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It should be borne in mind in this connection that soil provinces 
may include soils derived from very different materials under very 
diverse climatic conditions, and the number of samples is far too small 
to permit any but the most general conclusions. 

The least variation is found in the Great Plains and Glacial and 
Loessial provinces, and the greatest in the Piedmont Plateau, and wide 
variation in potash and soda is usually accompanied by wide varia- 
tion in lime and magnesia. Phosphoric acid is remarkably uniform 
in each province, and in the Great Plains with a variation of 0.11 
to 0.08, the River Flood Plains 0.06 to 0.05, and the Limestone 
Valleys 0.19 to 0.15 per cent the variation is not as great as might be 
obtained in duplicate analyses of the same sample. Therefore, so far 
as each of these provinces is represented by these samples, they may 
be said to be uniform in phosphoric-acid content. 


VARIATION IN SOILS OF THE SAME TYPE. 


In this series of analyses few types are represented by more than 
one sample, but comparing in some cases sandy loams with fine sandy 
loams, the variation in major constituents in soils of the same or 
approximate textures is shown in Table 6: 


Taste 6.—Variation in chemical composition of samples of the same type or of types of 
approximate textures. 


| 


Type. SiOe. Fe.03. AleO3. CaO. MgO. K,O. Na,O. P20s. SO3. 
Memphis silt loam: |Per cent. |Per cent. |Per cent. |Per cent. |Per cent. |Per cent.|Per cent. |Per cent.| Per cent. 
Ie paca ae ae 81.13 2.92 8. 52 0.31 0.39 1.78 0.52 0.08 0.03 
ap eater See OTS 80. 18 3.05 8.48 27 45 1.84 72 -10 - 03 
Cahaba fine and 
very fine sandy 
loam: 
LS See eae ea 91.39 97 3. 72 21 09 90 -12 -06 - 06 
PAG Se ane eae 93.29 -78 2.45 «15 -01 45 -03 -06 -10 
Norfolk sandy and 
fine sandy loam: 
Rie cs 94.50 83 2.07 39 09 -10 11 06 07 
CAE Ge ae ae 95. 54 62 1.70 06 | Trace - 06 18 05 03 
Mee OLE ORE EbEE 92. 87 1.17 2.75 03 | Trace 05 01 04 05 
Ruston fine sandy 
loam: 
PE eS stray ae 95.51 6 1.70 12| Trace 16 04 04 23 
Dap 3935 20 is 90. 22 1.52 4. 26 06 12 14 05 04 
Susquehanna fine 
sandy loam: 
ac Mat c= 90. 90 3.02 2.59 ll 09 .28 | Trace. 04 -07 
Odes SEE, aa ae aE 91.57 3.00 2.78 - 04 -03 -10| Trace. | -09 -08 
Be cies a aR 91.17 1.31 3.65 | Trace. | Trace. .12| Trace. - 04 08 


It will be observed that the two samples of Memphis silt loam taken 
a few miles apart in the same State are so nearly alike in composition 
that they could very well be considered duplicates of the same sample, 
and the same is true, perhaps to a less degree, of two samples of 
Susquehanna fine sandy loam, No. 1 and No. 2, taken in Texas and 
Mississippi, respectively. 

On the other hand, samples No. 2 and No. 3 of Susquehanna fine 
sandy loam differ considerably in iron and alumina, and the samples 
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of Ruston fine sandy loam differ markedly in iron, alumina, and sulphur. 
Still further, on comparison of soils of different types, it is possible 
to choose two or more that agree quite as closely as any two of the 
same type. This is brought out in Table 7. 


TaBLeE 7.— Variation in the chemical composition of soils of the same texture but of differ- 
ent series. 


Type. SiOs. Fe:O3. Al203. CaO. Mgo. K20. Na2O. P20. SOs. 


Per ct.| Perct. | Perct.| Per ct. | Per ct. | Per ct. | Per ct. | Perct. | Per ct. 


Norfolk fine sandy loam..... 95. 54 0.62 1.76 0.06 | Trace. 0.06 0.18 0.05 0.03 
Ruston fine sandy loam... .- 95.51 -68 1.70 .12 | Trace. -16 04 - 04 23 
Tifton fine sandy loam....-..| 94.15 94 1.67 -05 | Trace. -10 | Trace. - 04 - 06 
Portsmouth fine sandy loam.| 94.83 -41 1.37 | Trace. | Trace. - 06 - 06 - 05 - 03 
Memphis silt loam.......-.-- 80.18 3.05 8.48 227 0.45 1.84 72 -10 - 03 
Decatur clay loam.........-- 79.35 4.44 8.89 -63 39 67 24 -18 2B} 
Oswego silt loam...-.....-.-. 71. 38 3.63 | 12.29 1.09 a8) 2.28 1.14 -10 salts) 
Hagerstown loam.-........... 70.99 4,23 | 11.39 93 1.08 2.71 .82 .19 .39 


Probably no one has ever seriously contemplated classifying soils 
on the basis of their chemical composition alone, but it seems probable 
that soils that are alike in color, texture, relation of soil to subsoil, 
and formed by the same agencies, in other words, having such similar 
characteristics that they would be given the same type name by 
field cbservers, should have some chemical resemblance. The soils 
just compared, the analyses of which are more or less alike, are soils 
that because of characteristics other than texture have been given 
distinct type names; but how wide the variation of a single type may 
be in chemical composition, or whether some types should be sepa- 
rated into two or more because of chemical differences, or two or more 
types amalgamated because of chemical resemblances, is a matter for 
future investigation. 


LIMIT OF ERROR IN ANALYTICAL WORK. 


Earlier in the paper the authors stated what they considered the 
limit of error in the analytical work involved in the analyses here 
presented and discussed. It was stated that what was meant by 
limit of error was the allowable variation in results obtaimed from the 
same sample by two analysts familar with the method used. 

Several factors may contribute to this error: Lack of uniformity 
of sample, impure reagents, contamination from glassware or other 
utensils, and, finally, the error incident to the method, which may be 
of both a personal and chemical nature. AIL except the last may be 
nearly eliminated by care and blank determinations. 

All analytical results are a compromise, usually arrived at by 
taking advantage of the solubility of compounds to be removed 
and the relative insolubility of the compound to be recovered and 
determined. No compound is absolutely msoluble, and when rela- 
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tively large quantities of easily soluble compounds have to be washed 
from a relatively small quantity of a nearly msoluble compound, 
an appreciable quantity of the latter may be lost before all of the 
former have been removed. As an example, in the fusion analysis 
of a soil after removal of the silica there remains an acid solution of 
all the bases with a large excess of sodium chloride. In the pre- 
cipitation of calcium as calcium oxalate, it is necessary, of course, 
to remove this excess of chlorides, and calcium oxalate bemg slightly 
soluble, some is lost and may or may not be recovered later in the 
analysis. The personal factor of judgment comes in at this point 
and will explain many discrepancies. 

The limits of error stated apply to analyses of soils of average 
composition by the fusion method. It is not meant, for instance, 
that the limit of error in all CaO determination is 0.10, for in the 
ease of a dilute acid extract of a soil where the only excess of salts 
introduced is ammonium salts, the error allowed should be much 
smaller. 

One of the reasons for drawing attention to this matter here is 
the practice in some quarters of publishing soil analyses in terms of. 
pounds per acre. Such results are presumably based on an average 
of several analyses, but the variations of such analyses usually do not 
appear. 

Assuming that an acre of soil 6 inches deep weighs 1,750,000 
pounds, the limits of error stated when calculated to pounds per acre 
6 inches deep would be as follows: 

CaO limit.0.10 per cent or 1,750 pounds. 
K,O limit 0.05 per cent or 875 pounds. 
P.O, limit 0.04 per cent or 700 pounds. 

Stated im another way it would appear as follows: Suppose a 
soil on analysis gave K,O, 0.50; CaO, 0.30; P,O;, 0.08, allowimg the 
above limits of error, the composition might be: 


Per cent. 
TKO. )e a Gate am alien le stb ia os! ‘adh naan tem 0. 525 or 0. 475 
CHE h 0S 2a EAU SERRE Re ea See) 4 ER 0.35 or 0. 25 
TPO) sats at NEI a ne) 2) 8 BON 0.10 or 0.06 
Or in pounds per acre 

Oe Sa NP VAP 22 a RE 9, 187. 5 or 8, 312.5 
Cia) = SE ae i I aU SEN SEE Anan 3 202 LA a 6,125 or 4,375 
TPO) se cial ot Ss aR NSS ae a NE NE ae 1,750 or 1, 050 


It is quite plain then that too much significance should not be 
attached to differences of a few hundred pounds of any ingredient 
when the composition of a soil is expressed in pounds per acre, not 
because the actual presence or absence of such an amount might not 
have.an effect, but because the statement based on chemical analysis 
may depart that much from the actual fact. 
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SUMMARY. 


In this paper there are presented the complete analyses of 45 
samples of soil, representing four soil provinces. These, together 
with the analyses of 24 samples previously published representing 
also four provinces, are discussed from the points of view of extreme 
variation of all the samples, variation in composition within a soil 
province, variation of the same type, and the bearing of the lhmit 
of error in analysis on the interpretation of analytical data. 

It is thought that the analyses discussed represent nearly the 
extremes in composition of souls in the regions in which the samples 
were taken. Marked resemblances in composition of soils from the 
same province are pointed out. It is shown that some samples of 
the same type differ considerably in chemical composition. It is also 
‘shown that some soils of different types may resemble each other 
in chemical composition as closely as different samples of the same 
type. 

It is pointed out that the unavoidable error in analytical operations 
is in many cases of such magnitude that when analyses are stated in 
pounds per acre differences of several hundred pounds of some con- 
stituents are not significant. 
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THE SEASONING OF WOOD.’ 
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IMPORTANCE OF PROPER SEASONING METHODS. 


Practically all wood before being put to use is either seasoned in the 
air or dried in a kiln. The main objects of seasoning are to increase 
the durability of the wood in service, to prevent it from shrinking 
and checking, to increase its strength and stiffness, to prevent it 
from staining, and to decrease its weight. The sooner wood is sea- 
soned after being cut the less is the chance that it will be injured by 
the insects, which attack unseasoned wood,’ or decay before the time 
comes to useit. Wood that is to be treated with preservatives needs 
in nearly all cases to be seasoned as much as wood that is to be used 
im the natural state. 

Wood has a complicated ‘structure. The walls of the cells of 
which it is made up shrink and harden when moisture is removed 
from them, and unless timber that is to be air-seasoned is piled in 
the right way, or conditions in the dry kiln are maintained in accord- 
ance with certain well-defined physical laws, the material is likely to 
warp or check, or in some way to be damaged seriously. Until 
recently proper methods of seasoning received comparatively little 
attention from manufacturers, and large losses, especially among 


2 For assistance and suggestions given in connection with the preparation of this bulletin, the author is 
indebted to Mr. D. P. Sexton, of John B. Ransom & Co., Nashville, Tenn., and to Messrs. R. K. Helphen- 
stine, jr:, and N. de Witt Betts, of the Forest Service. 

2 The sapwood of seasoned hardwood is subject to attack and frequently to serious damage by powder- 
post insects. See Farmers’ Bulletin 778, ‘‘Powder-Post Damage by Lyctus Beetles. to Seasoned Hard- 

wood,” by A. D. Hopkins and T. E. Snyder, 1917. 
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woods that are difficult to dry, were the rule. Sometimes as much 
as 20 or 25 per cent of the seasoned lumber was rendered unfit for the 
use intended by defects which had their origin in the drying process. 
Since the quality of the finished product can be impaired seriously by 
wrong methods, the importance of right methods becomes apparent. 


FIBER SATURATION POINT AND SHRINKAGE. 


Water exists in wood in two conditions:! (a) as free water con- 
tained in the cell cavities, and (6) as water absorbed in the cell walls. 
When wood contains just enough water to saturate the cell walls, it 
is said to be at the ‘‘fiber saturation point.’’ Any water in excess of 
this which the wood may contain is in the form of free water in the 


Ul el 


Fic. 1.—Shrinkage as affected by direction of annual rings; approximately twice as great tangentially 
as radially. 


cell cavities. Removal of the free water has no apparent effect upon 
the properties of the wood except to reduce its weight, but as soon 
as any of the absorbed water is removed the wood begins to shrink. 
Since the free water is the first to be removed, shrinkage does not 
begin, as a general rule, until the fiber saturation point is reached. 
In the case of eucalyptus and some of the oaks, however, shrinkage 
begins above this point. For most woods the fiber saturation point 
corresponds with a moisture content of from 25 to 30 per cent of the 
dry weight of the wood. Figure 1 shows graphically the difference 
between tangential and radial shrinkage. 

Shrinkage is due to the contraction of the cell walls, and sets up 
stresses which tend to cause the wood to check. As observed in a 
cross section of a piece of lumber, shrinkage in the tangential direc- 
tion is about twice as great as in the radial direction; lengthwise of 

i The term ‘‘sap” sometimes is used wrongly to mean the moisture in wood, and at other times to mean. 
the sapwood. Sap is formed, mainly in the early spring, in the leaves from water rising from the roots 
through the sapwood. In the leaves this wateris converted into true sap, which contains sugar and soluble 


gums. The sap descends through the bark and feeds the tissues in process of formation between the bark 
and the sapwood, The heartwood contains no sap. 
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the lumber it is very slight. Table I gives the green, air-dry, and 
kiln-dry weight per cubic foot of the principal commercial woods, 
and Table II gives the per cent of shrinkage from a green to an oven- 
dry condition. 


TaBLE I.—Average weights of various species of wood. 


Weights (pounds per cubic 
foot). 


Species and locality. 
ee Air-dry.2| Green.3 
HARDWOODS. 
me red, Snohomish County, Wash..............----.---0--02-22eceeeee 27 28 46 
sh: 
Biltmore, Overton County, Tenn.....-....-.--..--.-----2--.2---ee eee 38 39 45 
Black— f 
Ontonagon County, Mich............-.2.---- 222.22. eee eee eee ee eee 34 36 53 
Marathon County, Wis--...--.-- 22-22-2202 cee cee c cence eens 34 35 52 
Bluey Bourbon!Couty, Ky...-......--2- +. . 08 cee wee eee eee e ences 39 41 46 
Green— 
RICHIANGprATISH As soa c/s: \efui sin'sjcste/ nein al niece seis em eisle sole 38 39 47 
INGwaMadrid County, Mo--.2-.55-- 22-2 eee esse ceueedecdeccecess 40 42 49 
Oregon, Lane County, Oreg...........---.-------------+------+-------- (4) (4) (4) 
Pumpkin, New Madrid County, Mo...........-....---.-------------- 36 37 46 
White— 
LOMO ME OUI type AT Keatere el ercictecle > oh cinielaieie Glc-lniste eo elaminie ascii erence = 4] 42. 47 
WSWELOICOUNE RENEW acinss sees eee cane Sales temeceiedects consneculente 44 46 51 
Pocahontas County; W. Vai.--.---- 0-625. 2-2 ee een nese ecco cee nnee 37 38 46 
Aspen: 
Rusk Riou ie Weis BUCO So SUEDE OBO GODOT RAD UHOB On oe adugbatenabaaae 26 27 47 
Largetooth, Sauk County, Wis. .....-...-..---.2---.------+--2 22 eee 26 27 43 
Basswood: 
BOLLE OUNLY Abaca cnet e scones cle = Sec cise ie eee sinei eee ea marie 26 27 41 
Marathon County, Wis..-....-..------ PROMISES al CEE Sti aS 24 25 41 
Beech: 
Hendricks County, Ind............ Se teas at bray sree uC eps aot 43 45 56 
MP ROULETWOUNLY  Eaietc < sce.ctrc ssc ns nicsje's te saeecee see susess me 41 43 54 
Birch: 
Paper, Rusk County, Wis. ..-.-......-.---------- ae 37 38 51 
Sweet, Potter County, Pa.......-........-------- ase 45 47 59 
Yellow— 6 
Potter County, Pa...-....-.....-- Spopeere set 43 45 56 
Marathon County, Wis....-.---.----- aft 43 44 59 
Buckeye, yellow, Sevier County, Penne 42sec. Bee 24 25 49 
Buckthorn, cascara, Lane County, Oreg 35 36 50 
Butternut: 
Watt OME pM WAS eel cie\= = steals’ cc se cieiuie cin eicinsic ease nem etn eam ee 25 26 45 
DEVIC OMIM NNO MIN asc cicrsiaieecis genie wiz)s- = aie slain tig atalino aes pares ere 27 28 pit AT, 
Chery: 
Black borer County bas: 2e8 ccs. eos ee ease betes eee em ates 34 36 46 
WaldiredSevier.County, Denn 2-2. - 222-2.) . 02.12 secs eee ek oo 27 28 33 
Chestnut: 
Baliimore@ounty wy Mdiec2 ssc cosas eos. ek ees aa 29 30 53 
iStEnvaGie ( CLAIR, MIO OOS eee ooe aoe sSpeeme Hr eeoEasoe sae scab ocosssesoess 29 30 | 56 
Chinquapin, western, Lane Ccunty, Oreg..........-..-.-.------.---+------ 31 32. 61 
Cottonwood: i 
BEMuSCOn COUNty a MOssccecs62 982.2. - 22.455 cece cee ears soe () Oy (4) 
Black, Snohomish County, Wash...............-----------++-2222++-- 23 24} | 46 
Cucumber tree, Sevier County, Tenn............-.--.--.----------+------ 33 34 50 
Dogwood: i oh ay | 
Plowering, Sevier County, Tenn...........--------- 2-222 e2seoee eee 52 54 65 
Western, Lane County, Oreg.....-......----------+-------2- 02-2 ee 45 47 55 
Elder, pale, Douglas Wotlmty Onreges eer picmcic ise easier ie eee ee ens sera 36 37 . 65 
Elm: 
Cork— 
Marathon County, Wis......-.-.-.--------- ia setere tes ere siciaics = ohegele 43 44 Se oS 
UUSKCOUTM Ly Aa WiSesceececicc ce seers ces se) see eieos ss oere Pade 43 45 54 
Slippery— : 
Hendricks Coumby, Unda. 22.5522. = + cee eg eenetos = series 42 43 53 
Seibel Cyriiayay \Witsnonsbodousseneosteesepeoeeo sc scoceeobeceeen- bee 36 37 56 


1 About 8 per cent moisture. 

2 About 12 or 15 per cent moisture. Average condition reached without artificial heating by material 
sheltered from precipitation, North Central States. 

3 Average green material. 

4 No figures available. 


Nore.—Any individual lot of lumber in the condition specified in the column headings would proba- 
bly vary 5 per cent from the figures given with a possible variation of as much as 20 per cent. For exam- 
ple, young thrifty pines will have a high moisture content when freshly cut and will probably weigh 20 per 
cent above the average given. : @ 
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Taste I.—Average weighis of various species of wood—Continued. 


Species and locality. 


HARDWOODs—continued. 
Elm—Continued. 
White— 
Potter County sates sare asec once ce ce ee coe cee 
MarathomCountys Wisse. 2 s2s-- ee aene a eee eee Sewanee 
Gum: 
Black iSevier.County,,.Denniieeceree secerec ase sect ase eacer eee eaeeee 
Bite, Alameda‘ County, (Cal tease ie scar ce eee ace aaeaee cence ase 
e —e 


New Madrid: ConntyaiMoeeo ss cree sees ores eerie eee eee eee 
Penniscot: County .Mo ses ees nesses tae e sean ces sae salsa wee ee 
Hackberry: - 
Hendricks County Sind iv jasce Shae Ss aaa tem sian a natant spends Nees 
Sauls County) Wasseccsenccice see ce ne cnn eae e te eee 
aw, pears salle COUNDY, WWISserssenan cee nase eae nae a eer ee 
Hickory: 


California; DouglasiCounty, Oreg o.. 25.2222. 5 225522 2 eos sees 

Mountain, Sevier County, Tenn..........-..-..--.--.--------2- 222-2 
Locust: s 

Black; Sevier County, Denney. sees oo tne eos eee eee 

iHoney,sHendricks| County, dnd sssneeese se = erect ae eee eee 
Madrona: 


- Butte County, Cal.........- pone conse boos coecoocmesone couse bueeeeeeon 


Douglas! County Orgs sseres eer see ee anee eal heen eee 
Maple: 4 
Bs Broadlest Snohomish County, Wash.........-.---------------------- 
eerie ies 
Maraphoms Wise seep sett) 2ts hss ceaeey = teh aici ol tate tat aie ae 
Potter County, Pa......-..----- been seeernecesesaas ssaceeesokeaase 
0 Silver, Sauk County WiSsstr se) eeeiesis eet eee er 
Sugar— 
Hendricks County; indice ee senses ose eleel ee ee 
PotteriCounty Mb alesse es aoe ae yee eee 
Marathon’ Copmtiy, \WaS Sesser tear ee rete 
Meenoha (€vergreem) >) WannParish) Wasco = 6 <2 alee oeinlnie le einen ie cele i 
ak: 
BUT, Sate COMM by AVS sam apt telat eternal iatetole t= sletg aie fete anaes 
California black— 
Butte County, Cal......-..-. Becognooeeperobeboos boogdauEcdouseucs 
Douglas County AOrese pose nee ees oa te eee eee 
Canyon live, Butte CORNER py OF) ESCO R naam eR RNC Ei ORS NE AE 3 
Chestnut; Sevier County; Denman tena eines aise aeyae eee 
Cow, Winn Panish aliases ee ee ieee ace eae eee eee eet eae 
i aurel, \Winn se arish, Wale sae eine otis eet) ence eee seers 
Pacific post, Douglas County, Oreg.-........--.-..-.------------------ 
Post— 
Stone County vAr ee a es cies seca ee ere ere 
Winns Parishs lace cis jeeecisciincisc cision oat ne eee tae Eee 
Red— 
Stone CountyscAwkise ae pees aee cee telnce ee etne ee eee eee 
1S Gretobuteariesy Ofoyiaiays IhaVlss SAAS Iho soe oeee sda de soe OScc sco seescesec 
Richland Parish, #a:-/ 43). sate sy: Safina Sites eras ase eee es 
HSSVicri County, D CBNe site ae ter eae ere eee eee ee 


1 No figures available, 
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Weights (pounds per cubie 
foot). 


Kiln- 
dry. 


(1) 


Air-dry. 


() 


Green. 


() 


(1) 


©) 


() 
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TaBLeE I.— Average weights of various species of wood—Continued. 


Species and locality. 


HARDWOoODS—continued. 
Oak—Continued. 
Spanish— : 
Mowland awinnebarish, Wa ooo 2. sgene ess ae cece eeee ces see cesnes 
Ennead Parish: Dia ion een a mune acta as 
Swamp white, Hendricks County, Ind..........-....--.--.----------- 
Tanbark, Willits, (OPE Sa SO oe ier era i ers a eS eos et Ae 
Naber Winn arish tla jess. eeee so o2 22 Sosa S cee seieems sae 
White— 
Stone CoumbyaeAr ke 2 8s Sina co ask See eee eee ele 
Henanicks County, UNG s 6 joke ys sk ee Re eee? 
1Rveei nd eneye) TPE (Sr) py Ae een eT a ee 
Ayaan arish sac ee eo os ky ke Se Ren ene ee Sa 
WallGwAnVanMebarish. Wa ec. s25 See sens ce eee pretneicle euelsivle“e we 
Yellow— 
SHONGCOUNL yn AT ccsses cons 2 oka scea eee e See eeRee reas eas me 
Mara thom County..Wiseoe: = 222522452. 2S52 22 see eee eeeecce ee = 
Osage orange, Morgan County, Ind....................-.---+---+-----++-+-+-- 
Poplar, yellow, Sevier County, Tenn..............-..-2----2-222-22--22-- 
Rhododendron, great, Sevier County, Tenn.......-...--.---------------- 
Possairass.sevier Coumuy, Nennm- 2.22 ...2. 2.2 ssccs esse ees esse tec es 
Serviceberry, Sevier County, Tenn...........--..---.---.----------- 
Silverbell tree, Sevier County, Tenn.................--.--------- 
Sourwood, Sevier County, Tenn.........-....-....-+--------+----- 
Sumach, staghorn, Sauk County, Wis...........--..-..------------ 
Sycamore: 
inendnicks! Countyrlnd 232 Sac 2) se ce bi 2 Se i a 
SOMeMeOUDhYy neni... eed eco tak tee dee eae EE get Sh! 
Tupelo, St. John the Baptist Parish, La..............-..------222-2--+----- 
Umbrella, Fraser, Sevier County, Tenn. .........-.22.22..20222-002s5005- 
Walnuteblack-wiKCentuckiy. 022 o.22 26 2sns bess cee Seno see ccieceames 22ee 
Willow: 
Western black, Douglas County, Oreg......................-.-------- 
IBlackHoaulk«COuUNby, WASs< eee 2 o8e eee in eee cece etd 
Witch hazel, Sevier County, Tenn......... Se shard Same Ste TR TONLE 


CONIFERS. 
Cedar. 
Incense— : 
WAN CoUniyAOTege. sb esos. 50 Pot! neck sae aoe se nears een ene 
RNGed Calter sme iy Let ht nidad pee meeAmeoemee see see 
Port Orford , Douglas County, Oreg..._-....---.-.----2--------------- 
Western red— 
MASSOULa County. Mont. 2 s25. oso ee ae ee 
Snohomish County, Wash.................-.....----2--2-----2-e- 
White. Shawano County; Wis:..-..........<22222se.02 oes 22st 


Yypress: 
Bald, St. John the Baptist Parish, La.............-..........2..-.--. 
iellowmluane County, Oreg: 2.2.2 .ee2e ck Lee ee 
Douglas fir: 
Bhenaasi@oumnibiyy Cale 20 ee steers te cin ss 2 ee ee 
Pimp ol ati County:Cales esos oe sh snes ed eee 
OlmMSOmCOuUn ty. AWAY One cs ose ces ce) eee epee cee ubae 
HAM COUN Gym OTese ss kiya ok Ga eA Ds So eens 
SHEARS COUNTY ZaWiaS Oy eae tes aoe). Line oe Aer Oe ahaa tue 
ME WAC OMNIGYe Washes cee. Secs aise ok as eel eierd Moa tas RY 
Wasmnotonand Oregon 45000 sete o2 joo a iodeeeee deen cobs 
Missoula County Mont-¢ 22 ues 6 25528 saci ook caeee seen sine eee 
Fir: 
Amabilis— 
COM OLED ys ee ney eee ten Re isd Re See MeO Nac alr as 
Snohomish County, Wash 
Alpine, Grand County, Colo 
Balsam, Rusk County, Wis 
Grand— 
Missoula County, Mont 
Mowelas|County- Ores. sacs jesse. os Stee cae on een ce ee 
Noble, Multnomah County, Oreg 
White, Madera County, Cal 
Hemlock: 
Sevier County menmucy cnn 5 hom). Ih Se eee uy ee se ao el 
Marathon Countye Wisteea. cc. sac oleic eee ep miempur Ae SLE: 
Mountain, Missoula County, Mont 
Western— 
Chehalis\Countye Washes een ce ee on eens arse ae, 
Grays Harbor and Buckley, Wash 


1 No figures available, 


Weights (pounds per cubic 


foot). 
a Air-dry. | Green. 

47 49 67 

40 42 62 

50 52 69 

43 44 66 

43 45 63 

46 48 59 

46 47 61 

46 48 67 

46 47 63 

45 46 16 

43 45 63 

40 42 62 

54 56 62 

27 28 38 

39 40 62 

31° 32 4y 

52 54 61 

31 32 44 

39 40 53 

32 34 41 

34. ais 51 

35 36 53 

35 37 66 

30 31 47 

41 44 58 

30 31 51 

25 26 51 

45 46 59 
() (*) 

@) {3 41 

30 31 39 

21 22 24 

23 24 30 

21 21 28 

33 34 51 
() () (1) 

30 31 40 
() () (+) 

31 32 34 

35 36 39 

31 32 36 

35 37 41 

) (*) 37 
() (*) 

(@) 1 52 

26 .) 27 36 

22 23 28 

24 25 45 

() a () ie ( i 
1 1 1) 

27 28 31 

25 26 56 

31 32 48 

24 25 49 

30 Ol: 45 
(1) () (1) 

30 31 40 


: ' 
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TaBLE I.—Average weights of various species of wood—Continued. 


Weights (pounds per cubic 
foot). 


Species and locality. 
rc Air-dry. | Green. 


CONIFERS—continued. 
Larch, western: 
Missoula County ss Monts ster 05 cts iat ne are eee eee ee ater eer ete 37 39 51 
es Stevens' County s Wastes te iy peo ae eee seu uae cyeeieeet eaetee 33 34 42 
ine: 
Jack, Barron County, Wis...... REECE St ESATO aC YN TN EC 29 30 50 
JetireyblumasiCountyn Calais seen arene eee eee ene eee eee eee 27 28 47 
Woblolly,wNassausCountyb lasses see eee eae oe ter ere eee eee 37 39 54 
Lodgepole— 
GrandiCounty,, Colotee-eeere saeco eee ace re chee eso waters es 27 28 33 
Gallatin: County: Montec aon oo aa See sl ei eae 27 28 47 
Granite’ Countys Mon tet ge orn seo Aas ce ea eee ie eye 29 30 41 
JettersomCounty-Montees seers eee eee eee ee eee eee eeeee 28 29 39 
Johnson CountypeWyGe 20 cc oe. soe ssceee sce er ose cee cen eoeebae 27 28 37 
Longleaf— 
Nassatti Coun ty la ice gs oe ie ite a ave UD Rete aCe ea 42 44 51 
Bogalusa Miaayirss sacs se nacre aye ots s eaisye a cos arsine ernai ee aeneemreainie eee (@) (4) (4) 
alee Charles py Eases ae ari ai a USI EP ee NIN RL yeas Eee 42 43 45 
‘Tanpipahoa Parish ieee. 233i eels seein See ees cnt ee 39 41 54 
Hattiesburg jMiss 228 seco Sack oan ce ee oes secae cee on eae 38 40 42 
Pitch* Sevier/County; enn sa So se oes aeeece see eee eee 35 36 54 
Pond, Nassau County, Fla-..-- 38 40 49 
Norway, Shawano County, Wis 32 34 42 
Shortleaf— 
A SR MG AS RE ee PS ee ee 35 36 45 
Bowaltisa Wace sce sce ee c oe etnies craic oS aii crate ie PCIe aioe a ele EE APTS (4) (4) (@) 
SlashNassamlCoumtya Ml asco aa cece caer eee eee eee nee 43 45 53 
Sugar Madera County. Calan manceena asc oes seco ee eee eeeeeee 26 27 50 
Table-mountain, Sevier County, Tenn.......-......-.-.---.--------- 36 37 54 
Western white, Missoula County, Mont...............-..------------ 29 30 39 
Western yellow— 
COGonmin Gl © Oubm by, PATIL aces nk yale eae ea ee Sapa 25 26 44 
Madera Coum ty: Cale oie a Be eo ren RE eA ee E gae 28 29 53 
Douglas 'Countyy,, Colo #0220 2425. funn Sess ae cece ce eee Re eee 28 29 49 
Missoula Countys:Monte-ssen..- oss ee tence cece eee eon eee eee 27 28 51 
Whites Shawano) County spWissess-o- oe bes seaeee eee cee near eee neers 26 27 39 
Redwood: : 
Humboldt/County,Calocsseog eae. at esse cei oie cies Seer 23 24 38 
Mendocino County. C alice ee oe a eae eae a seep ee Seep 26 27 39 
Spruce: 
Engelmann— 
SansMioueliCounty, Coloms- seen seca oceeccseeeeaceeeeeesceeeenee 22 23 48 
Grand; County, (Colosshas jas ae once ased ooo nating seis eee ee 24 25 30 
Red— 
Coos: Counttiyee Nee ee earn oe a ee 28 29 32 
Sevier/Countty.: Rennatee ns. 2e seen eee eee 27 28 35 
Sitka, Chehalis County, Wash (4) (@) (@) 
White— 
‘Coos'CountyqNisH sh Se aa Se SA Se ects een er 25 26 28 
RAUISKi Cov Gye Wwals ss pate sae ees ote ans cs eRe pay pe aa 29 30 35 
Ramarack, Shawano County,eWiSesssse sees sa saat cease eee eeee ee ae eeer 37 38 47 
Yew, western, Snohomish County, Wash.......-......---..-------------- 43 45 54 
1 No figures available. 
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Taste I1.—Average shrinkage of various species of wood. 


Species and locality. 


= = 


fe HARDWOODS. 
Rae red, Snohomish County, Wash..........-......222..20.2-0-2000--- 
sh: 


Biltmore, Overton County, Tenn 
Black— 
Ora nancial Wig nos Bee eens oon nee 
Marathon! County, Wiss... 52-2... -2 2. 22-04 sleegees-- S55: Rees 
Bivewrourbon County, Ky. 2). 22). 2s 2 ee 
Green— 
Riehland Parishes es ee vo aoa ee ue I ee 
New Madrid County, Mo 
‘Oreron; Lane: County, Oreg.: 2.22.2. 2.625 22 o2 52 gee tees ecto eee: 
Pumpkin, New Madrid County, Mo 
White— 
STONCMCOUN ty AUAT Ka aa Nts ee 6 2s Soo ole 2d bse Sade foods oe ose 
OswecoiCounty Ne Wa so oc2 22 22 So. oe so he es 
Pocahontas County, W. Va 
Aspen: 
EVUSE SU OMMbY A IVVPISE et sie seis ns 2 si ogc cen eels ne en ON 
Largetooth, Sauk County, Wis 
Basswood: 
IPovitiere Crore bani, lets) 2 8 Be Ake as a eee geo na og ale Ay ar Oa 
Marathon County, Wis 
Beech: 
Hendricks County, Ind 
Potter County, Pa 
Birch: 
Paper, Rusk County, Wis 
Sweet, Potter County 
Yellow— 
HottemCoumbyabar asec ce ee ce oe ce ens ine 
MATAR OMCOUMt yy WAS) e272 ascc eno oka ce a EE es 
Buckeye, yellow, Sevier County, Tenn. ............-...-.---2-22..2-2---.-- 
Buckthorn, cascara, Lane County, Oreg 
Butternut: 
AUC OUI AV Seatac es Set Sha oe cS ee Ns eae 
Sevier County, Tenn 
Cherry: 
Hlacker otter County; Pas oss. ool e222 bole ee eee ee 
Wild red, Sevier County, Tenn 
Chestnut: 
Baltimore. Count ys Md <. 222.802. 6 neo ns see sed oe occ oe kel 
Sta Wier (COTA iNZ5 MNES ot toys ecte ae a ei em acai SBN aN Silos serie 
Chinquapin, western, Lane County, Oreg 
Cottonwood: 
Pemiseot County, 
Black, Snohomish County, Wash 
Cucumber tree, Sevier County, Tenn 
Dogwood: 
Flowering, Sevier County, Tenn..........-..-.--.--.------------+---- 
Western, Lane County, Oreg.......-..--.---------- SE ps Ne one oa 
age pales Douglas County, Oreg. .).-..22--25-2222sc5 scene eee oees sees 
m: 


Cork— 
Marathon County, Wis 
Rusk County, Wis 
ehippery 
enghicks (County. Un diye es See CA ea eee a aN ee 
Saka OUT y.y WaSo sso tins ceinee sis oie ote Meme uae ee cE ESE 
White— 
TELO LETS P (CLOTHW0N ENF] Te pagan eae aes A ae ey eceRtMevete e Ia al e ea 
Marathon County, Wis 


1 No figures available. 


Shrinkage from a green to an 
oven-dry condition (per 
cent of dimensions when 
green). 


Tangen- 


Radial. | ‘tial. 


Volume. 


, 12.6 4.4 7.3 
12.6 4,2 6.9 
15. 2 iy, 7.8 

or 7 o 9 is 5 
LSTA @) Q) 
13.3 4.6 Zs A 

Sb 0 o 7 Oe 3 
12.6 4.3 6.4 
14.0 oe 7 
12.6 4, .6 
1).1 3.3 6.9 
11.6 3.1 7.9 
16.5 6.8 9.9 
14.5 6. 2 8.4 
16.5 4.6 10.5 
15.8 pas 10.6 
16.3 6.6 8.8 
15. 0 6.3 7.6 
16.7 6.9 8.9 
17.0 7.9 9.0 
12.0 3.5 2.8 

7.6 ob 4.6 

9.4 3.6 Ona 
11.1 3.0 6.5 
11.5 3.7 Toit 
12.8 2.8 10.3 
10. 4 3.3 6.6 
18.9 3.4 2 8 
13. 2 4.6 . 

@) @) @) 

12.4 one mG 
3.6 5: 
19.9 7.1 iil 3} 
17.2 6.4 9.6 
15.6 4,4 9.0 

ONS io) Oe 
15.5 5.1 9.9 
13.4 4.9 8.7 
14.4 4.2 9.5 

() ) @) 


Note.—Oven-dry means entirely free from water. The shrinkage from a green to a kiln-dry condition 
(8 per cent moisture) is generally about 75 percent of the shrinkage to an oven-dry condition. The shrink- 
age from a green to an air-dry condition (12 to 15 per cent moisture) is generally about 50 per centof the 


shrinkage to an oven-dry condition. 


e 
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TaBLe I1.—Average shrinkage of various species of wood—Continued. 


Shrinkage from a green to an 
Oven-dry condition (per 
cent of dimensions when 


green). 
Species and locality. Volume. | Radial. aereus 
Power | 
A = 
cou | A SZ 
HARDWOODS—Ccontinued. 
Gum: 
iBlack#Sesien! Coun type Rem meee ett es ero meant ep 13.9 4.4 7.7 
Blue, Mlamedai County Calc sys snes soe ys ase eee ee ae eee 22.5 7.6 15.3 
e — 
News Mia chr di © oun rn tyes ME 0 psy em ea get er (1) 0 0} 
‘Pemiscot County; Most. 6 saco soe ee eee ee eee () 1) 1 
Hackberry: 
ler drpie kes Co va rubiays i Chloe ah see as ns ogee tm Orne 14.0 4.2 8.9 
Sauk County wastes see ae ae aoe ea ony eam 13.8 4.9 8.9 
Haw, pear, Sauk County, Wis (1) @® @) 
Hickory: 
Shellbark— 
BBR GIGE MISS Mi itis LE ie ad a Be ween I eh iz 2h A 17.6 7.4 11.2 
Napoleons Oniow spf aie ee SG Gas ANE area yay Sry ome ! 20.9 7.9 14,2 
Bitternuby Napoleons Ohio yaeaees a terere see esate aera ee eee (2) () (4) 
Mockernut— 
Sar qs’ Miss Gh eg nc sree ea Lop Eee atc le arta a a vay 16.5 6.9 11.4 
Chester: Coun tiy 5 Parsee ee ate eee eps og mene ere 18.9 8.4 11.4 
Webster Count yer We Via a ai cae a2 ee oak we beeen eae mee eee (4) 8) 83 
Nutmeg? Sardis ibiss snes oa ees eos nome eS os en ae a (@) 1 1 
Pignut— 
FSA H CG WSS saver 8 Dara a MN af Ae ee an ae Teg tne aE 15.0 5.6 9.8 
Napoleon’ ONnio se eis se cakes ot ae ed. een ee a en i 15.3 6.3 9.5 
Chester/County." Palen 22 s4.e5 oes tee eae Been Se ee 16.9 6.8 10.9 
Webster Coumtygt Waves ss 2) tira aes ee Pa aa nee 21.2 8.5 13.8 
Shagbark— 
Sardis hiss e952: Raia ac eee is le 8 eet Nel ra pO Ete tt a 16.0 6.5 10.2 
INa BOleOns) OMT OR et Sai pee te eae a arpa eee ee eee ene 18. 4 7.9 11.4 
Chester: County Pa. ce eens 25. Soe eae eine ee oe eee Renee @) (@) @) 
Wiebster: Coumitiyss Wire Wiese ns’ eae ss ce ne ces me ee ear een 15.5 6.5 9.7 
Water; (Sard 1s) MiSs 9.8 ee ioe ie ieee ee ences yn cana ae aye () () () 
Holly, American, Sevier County, Tenn z 16. 2 4.5 9.5 
Hornbeam Rusk: Commit.) Wass s4-see: ose ee enon ee eee eee eee (@) 8.2 9.6 
Laurel: 
Californias Douglas! County Onrege eee ss pee eee ee eee Q@) (@) (@) 
Mountains Sevier County. el enn eesee ee een beeen enna en Emenee 14.4 5.6 8.8 
Locust: 
Blacks Sevier Countiy, you Cra ier yey asso oer ays a eae 9.8 4.4 6.9 
HONey, PEen ATICKSACOUN yey la Gane oe een ee eee Renee ee ene eee | 8.6 1 @) 
Madrona: 
Butte: County, Caen. ee ei read ee neste rare an ene Lem ee 16.2 5.1 11.7 
Douglas County} Ores as. sere eens a eee ee oese eee ae Eee 17.6 5.5 11.9 
Maple: 
proadleat, Snohomish Countiy,sWash=s ese po eee eee nee 11.6 3.7 Lit 4 
ed— 
Marathon County) WiSsretec ses cs eee ene eee Seen eee () (@) (@) 
Potter County, hasic cere e eet Seat Ose ee eee ees ee | 12.5 3.8 8.1 
Silver; Sauk Countysy WAS acs oot eee es Rese cece eee eee eee Seema 12.0 3.0 7.2 
Sugar— 
Hendricks! CountyayIn dee Ate kee ene oc eek eee ae eee eee 14.3 4.9 9.1 
Potter County: JRA ene. net ee eee eee eRe ee Oe Oe eee 14.7 4.8 9.2 
Marathon Countysawiss2is20 ses 25 oa ra ee oe eee ee eee (@) (@) (1) 
Macnolia(evergreen), \Winnsbanish) asec.) Sees sae eee eee eee eee 12.3 5.4 6.6 
Oak, ibursSauk:. County; Was)-s.0 vases cniewes cies eeiais eee ee een ee ere eee 12.7 4.4 8.8 
California black— 
Butte County? Cale. 5. os en: eed eee een see eee 13.6 4.1 6.4 
Douglas County; Oregaycca eae some). eee cece eee ee ee a eee (1) () (@) 
Canyomlives Butte @ountive Gales 2 le 2 Se ee eee eee 16.2 8.0 14.3 
Chestnuts Se vier oun tyay Len rises aan sie alan emer ee mney eann 16.7 Sao 9.7 
Cows Winn Parish lige oo. 2 pase toca ca eo ee ee Oren 19.4 5.9 9.2 
Laurel Wann Parisht (Wad 5 sos). facie so Sa Ue ea Rens at ee eon nae 19.0 3.9 9.5 
Haciie post; -Douglasi@ounty, Oregece i. soa eee eee ee eee ee (1) @) (1) 
ost— 
Stone’ County sek op coe os ooo 1 neato ee ee eee 16.0 5.7 10.6 
Winn: Parishy Valen. ee eee eee ae Be ees Sew occ BUS BSEE ees 16.5 Dees 8.9 


1 No figures available. 


THE SEASONING OF WOOD. 9 


TasBLe I1.—Average shrinkage of various species of wood—Continued. 


Shrinkage from a green to an 
oven-dry condition (per 
cent of dimensions when 


green). 
Species and locality. ; Volume. | Radial. pancen 
ee : 
| i) he 
H } | == 
WV LELHLL SS 
ieceeorereor 3 \ ws 
HARDWoops—continued. 
Oak—Continued. 
Red— 
DLOMEKC ONT Atos Shs 22 seo) ih 2. col eke aati etiemewee cece seer 14.5 4.2 8.3 
ELON ATICKSCOUMUY EM Ge Nek Se elk Sis De aia ea ee eee 13.1 3.7 8.3 
EPI eave] TEATS Ny Ua ee Ser 0 oR (1) (4) () 
DevlenmCounty., whenm es. oo). 0) oye oe ee 15.3 3.7 8.3 
Spanish— 
Mowland avvannvbarishs Was: 2). .cc2 ssh 2s eee ee ee ee 16.4 §. 2 10. 8 
Highland, \iisiraial Teer 0 DE a ee eee amet ed tl a el ae 16.3 4.5 &.7 
Swamp white, Hendricks County, Ind.............--..-.-.---------- 17.7 5.5 10.0 
Nara par kegels Wale eek) ote oe seeeinic clare ente seiaeiowietslelslcies (1) @) (4) 
WVALeDWinmybanish uate ool Sal oe ee gc oe 16. 4 4.2 9.3 
White— 
NLOMGCOUNbyapATksa75 os 205 Sco: Joab see oe sec Lie iesasgatelne oe aeecte 15.8 6.2 8.3 
Hendricks County, Ind.....-..-. aoe eer Raa a caso pas SCONE Fee 14.3 4.9 9.0 
RCHandse aisha (see ae scr yale nC Le Melee anaes ee 16.0 4.8 9.2 
“APTIEEY TREY RTIG) a LDS Se ye me eel pe yA 16.9 5.4 955 
WallowesWanniParishial. \ scoot Leek cts bcc se eke. 18.9 5.0 9.6 
Yellow— 
StonelCounty-rAmles sees ee ON a UN Te a ee 14.2 4.5 9.7 
Marathon County, Wis.........-..-- (@) (1) (1) 
Osage orange, Morgan County, Ind...........- Pe 8.9 (@) (1) 
Poplar, yellow, Sevier County, Tenn 11.4 4.1 6.9 
Rhododendron, great, Sevier County, Tenn 16. 2 6.3 8.7 
Sassairas, sever County, Tenn 202 .)00 2. 2 en 10.3 4.0 6. 2 
Serviceberry, Sevier County, Tenn.............-2.---2.-22-2222--22022--5- 18.7 6.7 10.8 
Silverbellitree, Sevier County, Tenn.......-..--.-.-.25--.225-22-.-0----- 12.6 3.8 7.6 
Sourwood, Sevier County, Tenn ...........-..--------- 22-220 e eee eee 15.2 6.3 8.9 
Sumach, staghorn, Sauk County, AWS ita faser cen eh 2t2/ceay eae een eam el ea () (1) (4) 
Sycamore: 
EHendnicks County tnd. a see es ob so geads soaneeeeeereee Seek eee 13.5 5.0 8 
SENClY Chota ys ANC eames cel AA eee Sens 6 aaa selena ae a 14.8 5.2 7.9 
Tupelo, St. John the IB ap tASt me apls tus way oj) ype yey apter emEN ea eT r el 12.4 4.4 7.9 
Umbrella, Fraser, Sevier County. Termes o 5s 122 Ae ny 13.0 4,4 12.5 
Walnut, black, Kentucky eae iowe 3 yal evatelec ts Mess etn rate Satetc ate etapa Repeater Hea ratatote 11.3 52 Tork 
Willow: 
Western black, Douglas County, Oreg........-.-.-------------------- 13.8 2.9 9.0 
THO, Seibilk< Chainnys NNER eee Seenseesaecessasosocolssooseesccpoueuaes 13.3 2.2 8.2 
Witch hazel, Sevier County, Tenn.....-.-..-.-.----2 2-22 2- eee eee eee eee 18.8 () (2) 
CONIFERS. 
Cedar: 
Incense— 
ANE COUNtY MOTE 2 2 hee ieee eit Oe ates er gE (2 1 1 
\uV@ae CORN EARS SS ae Se he ee Ne ame meme Pee e San A Snes Q 1 1 
Port Orford, Douglas County, Oreg.......-..--.-.------------------- re 1 1 
Western red— 
Missoula County, Mont...............--- 7.6 2.5 4.6 
Snohomish County, Wash 8.6 2.5 5.6 
White, Shawano County, Wis 7.0 250 4.7 
Cypress: 
Bald, St. John the Baptist Parish, La........-..-..-.-..-..-.-------- 11.5 3.8 6.0 
Mellow, Wane County, Ores: 222. 555222 40.0 cee bee () () (2) 
Douglas fir: 
eimai ountyn Calne ee), se joes sem a5 ceo. s -aeeeemesteee laces ere iit 7 4.5 6.9 
Humboldt County, Calin aon cen ia. eee) eee cael se aS (1) () (2) 
Johnson County, Wyo.....-.- Se aaa ah nee =a fat ai b0¥ a) ata) sef st eVanenreres ere aE F SY 10.9 3.7 6.6 
Iberarey (Cloriah yO A et eee ec an. SS te mme mines 13. 2 5.7 7.6 
WhehalisiCounty. Wash eece oases bos. nye eateatatatasoietes were 12. 5 4.4 7.4 
Wes! Coumbiyn WViaSbls oo eye acre costa qasctarein) inipenjeinteleralelaye/ a atcjeleteleve/s)eyetelae'- 12.3 5.0 8.3 
Washington and! Oregons. 2 2552 tet) sis ok aie atclee le a oeme eile cele oles (1) (1) @) 
a Missoula County Mont: 233 pe osiasion gee oe nie sominte selera cise aise Neweleis = (4) (@) () 
Fir: s 
Amabilis— 
IDOE ORY ss SEE Men eee arora ORR SPE RE OES lee! ee a ee () (@) (1) 
Srolonish County Wash joe We ko aoc egin an nana eis 14.1 4.5 10.0 


1No figures available. 
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TaBLeE II.—Average shrinkage of various species of wood—Continued. 


Shrinkage from a green to an 
oven-dry condition (per 
cent of dimensions when 


green). 
Species and locality. Volume. | Radial. eaeeen 
— —— 
wZ 
CONIFERS—continued. 
Fir—Continued. 
AlpinesGrand' Coun bys Colo== <>. 3554-56 oss ee ee eee 9.0 2.5 7k 
[Balsam Rusk: COUnLYaWiS=a-o =e 5 see te ee oes eee see 10.8 2.8 6.6 
Grand— 
Missoula: County Mont? S22 = <3. ee ae ae ee eee ne eae 10.9 3.5 6.8 
Douglas County,,;Oregea= 2-5-0 = seca seco oe ee eee Seis ete @) @) @) 
Nobles Multnomah\County “Ores. 2) ee ee 13.6 4.9 9.1 
White: Madera County Calse™ <n ee ee ene 10.2 3.4 7.0 
Hemlock: 
Sevier County, Tenn.......... See es Dae Cet are SONS ee 11.6 ee 7.8 
Marathon County, Wis i222 ie See oe ese aon 9.2 2.3 5.0 
Mountain, Missoula County, Mont..............-.-..----------------- 10.8 4.4 7.1 
Western— : 
Chehalis County,<\Washe <5. 5 oe oe toe a eta (4) (4) fi 
Grays Harborand Buckley, Wash..-....-...-....----:------------ @) (@) 1 
Larch, western: 
MissoulaiCounty yMOnt oes nee coe oe er eee 13.2 4,2 8.1 
Stevens County,°Wash® = se se ssa seee cee aoe eae eee oe ae (1) (4) (@) 
Pine: 
Jack, sBarron, County) WSs 2 2es stale sae Sete ae een ene aes 10.4 3.4 6.5 
Jefirey,, :Plumas'County,, Cale oe ee ee eee 9.9 4,4 6.7 
Loblolly, Nassau County, Plas ssc oe ee nae aes coe ee eee ee 12.6 5.5 7.5 
Lodgepole— ; 
Grand County: Colos ese. oss sant aoe eae eee 11.3 4.2 7.1 
Gallatin: County; Monte. 32.3.0 tase ns ee ee eee eee ae 11.9 4.6 6.8 
Granite County Mont= 20222) [55225 en Ses eens seen 11.8 5.0 6.5 
Jefferson County: Monts .23- sso se eee eae 12.0 5. 0 6.9 
Johnsen Countys*Wiy Olea cos e2 oo ceeeee ee eee eee ee ees 10.1 3.6 5.9 
Longleaf— 
Nassau ‘Countyabilac-< see ea Se ee en 12,2 5.1 6.9 
(Bogalusa; basecs: ees es Soe Se oe Wa Rea Se ea eae (4) @) (@) 
hakeiCharlés slays 325s soars sees cere eee are ee ee 12.8 5.4 7.8 
Tansipahoa) Barish, Wasica sass -< soc see ee ee eee 12.8 6.0 7.6 
Hattiesburg iMisge se. ee ae eee a ee en ee elas er ee 11.0 4.8 7.5 
Pitch; Sevier County,"Tenn 62 a tase eo ee es Se ae ee 11.7 4.8 7.4 
Pond? Nassau County; Was: 022 oso 5 ee eae se eee eae 11.2 5.1 7.1 
Norway,ohawano County, .WiS <5-0es2 seo eee ee ee eee 11.5 4.6 7.2 
Shortleaf— 
Mal Vern 5: sAg bias ts ae RED mee see ee eas Ma ra (@) is () 
‘Bogalusas oa oe ys eee yee ee eee Sr eS eae (@) @ 1) 
Slash SNassau! County bla 5 seh saat eB ee eee See ee 1p AY/ 5.9 7h 
Sugar, Madera County, Cals 2-2 2.52 ek ee eee ee 8.4 2.9 5.6 
Table-mountain, Sevier County, Tenn. ---- nae 10.9 3.4 6.8 
Western white, Missouia County, Mont 11.5 4.1 7.4 
Western yellow— i 
Coconino’ County. Ariza oes eke ee = TR eR ene ee eee 9.2 4.1 6.4 
Madera ' County Cale ese ae oss teens ene coe ne eee 11.5 4.9 7.3 
Mourlas' County; Colon sie sae as ea ee eee 2 Se 9.9 3.8 5.8 
Missoula. County, Monti i- eae eee one eee eee eee 9.3 3.5 5.9 
Wihite® Sha wano(County.: Wis cos scan yaaa eyes ee ee verre eo 7.8 2.2 5.9 
Redwood: 
Humboldt County; Calee rs = ese es el ee ee eee ee 0 8 § 
Mendocino County;; Cal: = 222322 san ese re ee see eee 1 1 1) 
Spruce: 
Engelmann— 
San Mignel'County, Colosaaa ss. 20. = ee eee ee es es 10.3{ 30 6.2 
= ee County, Colos eect ee ee ee eee 10.5 3.7 6.9 
e — 
Coos' Comunity iNet Bcc = cere pac ae a ee (1) @) @) 
Sevier County, Renn 26 oo ssin3 eos neato Sas eee eee 11.8 3.8 7.8 
SitkasChehalis County, Washs<: 25222-4255 ee ee ee 11.2 4.5 7.4 
White— 
Coos County Ne Bre: oe. at ee eee aes (4) @) () 
Ritisky County Was soot era SE a ee et 14.8 3.7 1.3 
Tamarack,Shawano' County, \WiSq 25 scene eee ee eee 13.6 3.7 7.4 
“Yew, western, Snohomish County, Wash........-.----.-------<---------- Dail 4.0 5.4 


1 No figures avaiiable. 
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HOW WOOD MAY BE INJURED IN SEASONING. 


CHECKING. 


Checking is caused by unequal shrinkage. If the outside of a piece . 


of wood dries considerably faster than the inside, the surface in time 
will contract until it can no longer extend around the comparatively 
wet interior, and so will be torn apart in checks. Checks often are 
classified as end checks and face checks. End checking or splitting 
during seasoning causes nearly as much loss as face checking. 


CASEHARDENING. 


Casehardening or surface hardening occurs when the surface of 
wood becomes set in a partially dry condition while the interior is 
still wet. This condition results from too rapid surface drying. 
If the interior of a casehardened piece of wood dries further, it tends 
to shrink, while the “set’’ condition of the surface tends to prevent 
itfrom doingso. Asaresult, stresses are set up in the piece. Plate I, 
figure 1, shows sections cut from casehardened boards, with a strip 
sawed from the center of each section. In A, the stresses cause the 
prongs to curve inward and bind on the saw. If the stresses are 
relieved by treatment with steam, as may be done sometimes, and 
the board dried a second time, the resawed prongs, as shown in B, 
will curve outward, owing to a reversal of the stresses. This is 
termed “reverse casehardening.”’ 1 

Plate I, figure 2, shows the form taken by resawed pieces of kiln- 
dry boards steamed for different lengths of time. In No. 1 the 
prongs curve inward, owing to casehardening. No. 2 and No. 3 
also show a casehardened condition as indicated by the strips curving 
inward. In Nos. 4, 5, and 6 the casehardening has been eliminated 
by longer steaming and the resawed strips are straight. No. 7, which 
has been steamed still longer, shows a condition of “reverse case- 
hardening,” in which the resawed strips curve outward. 

Sections cut as shown in Plate I may be used also to determine the 
distribution of moisture in lumber, whether casehardened or not. 
If not casehardened, such sections will curve inward as they dry 
if the lumber is wetter on the inside than on the surface, and outward 
if the reverse is the case. If the lumber is uniformly dry, the prongs 
will remain practically straight. 


HONEYCOMBING. 


Honeycombing or internal checking occurs in casehardened 
pieces when the interior continues to dry and the surface remains 
fixed. In such cases splits appear in the interior. Plate II, figure 1, 
shows examples of honeycombing in casehardened pieces. 


1For further discussion see “‘ Problems in Kiln-Drying Lumber,” by H. D. Tiemann, Lumber World 
Review, Sept. 25, 1915, 
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WARPING. 


Warping or twisting in lumber is due to unequal shrinkage. Some 
woods are much more subject to warping than others. The trouble 
can be prevented to some extent by careful piling, both during 
drying and afterward. Plate II, figure 2, shows badly warped 


pieces of lumber. 
COLLAPSE. 


In some woods, notably western red cedar and redwood, when 
the very wet wood is dried at a high temperature, depressions appear 
on the surface of the boards, presumably due to the collapse of the 
plastic cell walls in certain places. If, however, the woods in ques- 
tion are heated above the boiling point while wet, the steam generated 
in the nonporous cells causes the wood to bulge on the surface. 
Plate III shows collapse and bulging, or “explosion,” as it is termed 
by the discoverer of the phenomenon.! 


AIR-SEASONING. 


Though the use of dry kilns is increasing steadily, the bulk of our 
wood is still seasoned in the open air. If kept in the air long enough, 
the moisture content of the wood finally comes into equilibrium with 
that of the surrounding atmosphere, and the wood is said to be air- 
dried. The rate of drying varies, of course, with time of year, 
species of wood, size and form of piece, and method of piling. Certain 
of these factors may be controlled or utilized in a way to hasten the 
drying process and lessen the likelihood of defects appearing in the 
material. 

CROSSTIES, POLES, AND SAWED TIMBERS. 


The data in figures 2 to 12, inclusive, collected by the For- 
est Service? in various parts of the country, show the rate at 
which crossties, poles, and sawed timbers of several species lose mois- 
ture when freely exposed to the atmosphere. In some cases it was 
not possible to weigh the pieces for several days after they were cut. 
Freshly cut timber loses weight very rapidly in warm dry weather. 
Ties in some species lose 10 pounds in 24 hours. The rates of season- 
ing of the various species may be compared by the general trend of 
the curves. When the curves reach a horizontal position, the ma- 
terial may be said to be air-dry, unless this happens at a time of 
year very unfavorable for seasoning. 

The ties were seasoned in piles of 50 each, and were exposed with- 
out cover. The ties on the top of each pile, however, were placed 
close together and served as a rough roof. The curves are platted 


2 See “The Air Seasoning of Timber,’? by W. H. Kempfer, Forest Service, in Bul, 161 of the American 
Railway Engineering Association, 
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Fic. 1.—SECTIONS CUT FROM CASEHARDENED BOARDS. 


Fic. 2.—RESAWED SECTIONS CUT FROM CASEHARDENED RED GUM BOARDS STEAMED 
FOR DIFFERENT LENGTHS OF TIME AFTER BEING KILN DRIED. 


(1) No final steaming; (2) and (3) 18 minutes final steaming; (4). (5), and (6) 36 minutes final steam- 
ing; (7) 3 hours final steaming. 


Bul. 552, U. S. Dept. of Agriculture. PLATE II. 


Fia. 2.—BADLY WARPED BOARDS. 


The trouble here is due to a poor arrangement of stickers and to the piling together of boards of 
unequal length. 
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a. 6. 
Fic. 2.—Southwestern ties. (a) Seasoning of ties at Pecos, N. Mex.; cut in January and February; 


(b) seasoning of ties at Pecos, N. Mex.; cut in August, September, and October. (Black and red pine 
are local names for western yellow pine; black pine refers to young trees and red pine to mature trees). 


4 6 8 10 
TIME SEASONING — MONTHS 
Fic. 3.—Northwestern ties. Seasoning of lodgepole pine ties at Bozeman, Mont., Douglas fir at Sandpoint, 
Idaho (curves 11 and 12), Pasco, Wash. (curve 15), and Tacoma, Wash. (curve 16); and western larch at 
Sandpoint, Idaho, cutin January and February; Tacoma ties in December and January. 
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Fic. 4.—Seasoning of hemlock ties at Escanaba, Mich.; cut in August and September. 
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Fia. 5.—Seasoning of ties at Silsbee, Tex., and Ackerman, Miss.; cut in January and February. 
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Fic. 6.—Seasoning of hardwood ties in Southern States; cut in October, November, and December. 
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Fic. 7.—Seasoning of southern white cedar poles at Wilmington, N.C. 


WEIGHT PER CUBIC FOOT —LBS 


(nee seo 
7 SS no cea 
ce eee 
ene tale 
GNSS age 
S| Beret TS etaleat [| 
BCC 
SCDOT 4 
"(amie TIS] 
JETT TSN 
Se 2SREb ese 


TIME SEASONING — MONTHS 


Fig. 8.—Seasoning of western red cedar poles at Wilmington, Cal. 
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Fic. 9.—Seasoning of chestnut poles at Thorndale, Pa. 
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TIME SEASONING — MONTHS 
Fic. 10.—Seasoning of northern white cedar poles at Escanaba, Mich. 
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—Seasoning of Douglas fir timbers at Eugene, Oreg. 


Fig, 11. 
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Fic. 1.—CEMENT AS FOUNDATION MATERIAL. 


These blocks extend 2 feet above and 2 feet into the ground. 


Fia. 2.—ANOTHER TYPE OF PERMANENT FOUNDATION. 


Steel rails are embedded in cement piers. The lumber is fully 2} feet above the ground, insuring 
excellent ventilation. 
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from the average weight of the ties. The weight per unit volume 
could not be used, as in many cases the volumes of the ties were not 
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TIME SEASONING — MONTH 
Fic. 12.—Seasoning of longleaf ping: timbers at Madison, Wis. 


obtained. The poles were seasoned on skids in the open. ‘The 
sawed timbers were seasoned in open piles under shelter. 


LUMBER. 
Sawed lumber generally is dried by being piled in stacks with air 
spaces between the boards. In forming the stacks the boards usually 
are laid flat, with strips called stickers between courses or layers. 


ae. 13.—Lumber mile sidenies on cement and metal foundations. 
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A space also is left between each board in a layer and the adjacent 
board to provide for the circulation of air throughout the stack. 
Flat or horizontal piling may be of two kinds: (a) With the ends of 
the boards toward the alley—endwise piling, and (b) with the sides 
toward the alley—sidewise piling. Figures 13 and 14 illustrate the 
two methods. The stacks are arranged to slope from front to rear, 
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Fic. 14.—Lumber piled lengthwise on wooden foundation. 


and to lean forward so that water dripping from the top falls to the 
ground without trickling down over the courses below. With either 
method of piling the stacks should be so located in the yard that the 
prevailing winds blow through them rather than against the ends. 
Most lumber manufacturers and dealers use the endwise method 
of piling. A number, however, have adopted the sidewise method, 


Fia. 15.—Method of providing drainage under lumber piles, 


which has certain advantages in the matter of air circulation. In 
endwise piling the stickers obstruct the passage of air from back to 
front of a course, while in sidewise piling the passages from front to 
rear are clear. Water which forces its way into the pile is more 
efficiently drained in sidewise piling, and the likelihood of sticker rot 


and discoloration due to the accumulation of moisture, dust, and dirt 
against the stickers is lessened. 
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The bottom boards in a stack rest on skids, which in turn rest on 


_ foundations, preferably of stone, cement, or metal. Pieces contain- 


ing rot should never be used for foundation timbers or skids, or allowed 
to remain in the pile. The vicinity of the pile should be kept clear 
of weeds. 

The use of cement and metal foundations is especially feasible in 
retail lumber yards and in those maintained by wood-using factories. 
In retail yards, where economy in space often is the essential thing, 
the piles are high and a particular space usually is allotted to each 
class or species of lumber. In factory yards lumber often is held for 
a number of years before being used. In such cases the frequent 
renewal of wooden foundations under lumber piles entails consider- 
able expenditure of time and money, to say nothing of the danger 
of infecting lumber by bringing it in contact with partly rotted 
foundation timbers. For these reasons foundations of a more per- 
manent character are constantly growing in favor in retail and factory 
yards. Plate IV shows foundations of this kind. 

Sawmill yards, on the other hand, often contain several million 
feet of material and cover several acres. Lumber coming from the 
saw generally is piled wherever most convenient, provided it is placed at 
the distance from the mill required by insurance companies. Economy 
in storage space generally is not essential, and piles of the same spe- 
cies and kind of lumber are likely to be found in a number of different 
sections of the yard. In addition, the stock is constantly being turned 
over, thus giving an opportunity to renew the foundation timbers at 
comparatively small expense. A number of large lumber companies, 
however, have adopted cement as a foundation material. 

Lumber-storage yards need to be reasonably well drained, or at 
least the contour of the ground should be such that water will not 
stand under the stacks after a storm. Otherwise decay is apt to get 


.2 start and spread throughout the pile. Where the ground offers 


but poor natural drainage facilities, some artificial system of drainage 
usually is employed. Figure 15 shows the system used in the yards 
of two large lumber companies in the southern hardwood region. 
This arrangement not only prevents the collection of rain water 
under the lumber piles, but also gives the required slope to the stack, 
which on level ground has to be secured by building up the founda- 
tions.' 

A top dressing of cinders has been found satisfactory in some 
storage yards. 

The following set of rules for piling lumber covers the more im- 
portant points to be observed in the construction of foundations, 
shape of stack, arrangement of stickers, etc.: 


1 Humphrey, C.J. Timber Storage Conditions in the Eastern and Southern States, with reference to 
Decay Problems, U.S. Dept. Agr. Bul. 510. 1917. 
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RULES FOR PILING LUMBER. 
1. FouNDATIONS (ENDWISE OR SIDEWISE PILING). 


(a) The foundations should be strong, solid, and durable. 

(6) The top of each foundation should be level, and from front to back the top 
surface of the parallel skids should be in alignment, so that the lumber to be piled 
will bear equally upon each one. 

(c) The front foundation should be raised above the second, and the second above 
the third, to allow a slant in the stack of 1 inch to every foot. 

(d) The foundations should be spaced not over 4 feet apart, except for heavy peaks 
and timbers. 

(e) The front foundation should be of sufficient height to provide space for free 
circulation of air under all parts of the pile. 


2. LuMBER (ENDWISE PILIN@). 


(a) Skids, preferably 2 by 4 inches, should be laid on top of the foundations. 

(6) Boards of equal length should be piled together. 

(c) The ends of the boards should rest upon the front and rear skids. 

(d) A space of approximately three-fourths inch should be left between boards in 
the same layer. 

(e) Lumber piled in the open should have the front ends of boards in each layer 
slightly protruding beyond the end of the layer beneath, to give a forward pitch to 
the stack. 


3. LUMBER (SIDEWISE PILING). 


(a) Skids, preferably 4 by 6 inches, should be placed across the foundations at 
about 4-foot intervals. The number of skids depends upon the thickness of the 
lumber. 

(6) Boards of equal length should be piled together. 

(c) The boards should be placed on the skids, with about three-fourths inch between 
boards in the same layer. 

(d) Lumber piled in the open should have the front board in each layer project 
slightly beyond the board in the layer beneath, to provide a forward pitch to the stack. 


4. StickERs (ENDWISE OR SIDEWISE PILING). 


(a) Stickers should be of uniform thickness, preferably seven-eighths inch for 
1-inch lumber and 14 inches for 2-inch lumber. Their length should be a few inches 
in excess of the width of the pile. 

(b) Stickers should be placed upon the layer of boards immediately over the skids 
and kept in alignment parallel to the front of the piles. 

(c) The front and r rear stickers should be flush with, or protrude beyond, the ends 
of the boards. 


5. Roor Protection (ENDWISE OR SIDEWISE PILING). 


Cover boards, as a roof protection, should be laid on the top of the pile, extending 
a few inches beyond the front and rear ends of the stack. 


6. Spactna Stacks (ENDWISE OR SIDEWISE PILING). 


Space between the piles should not be less than 2 feet; 4 or 5 feet is preferred if 
yardage conditions permit. 
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Fic. 1.—SUN SHIELDS USED TO REDUCE CHECKING IN THICK RED OAK TIMBER. 


om : 
Ce 


Fia. 2.—LUMBER PILED SO AS TO FORM “CHIMNEY” OR FLUE NEAR CENTER OF STACK 
FROM BOTTOM TO Top. 


Bul. 552, U. S. Dept. of Agriculture. PLATE VI. 


Fia. 1.—PoLE DRYING YELLOW POPLAR LUMBER. 


Fia. 2.—POLE FRAMEWORK USED TO Dry YELLOW POPLAR, BASSWOOD, 
AND COTTONWOOD BEFORE PLACING IT IN A STUCK PILE. 


PLATE VII. 
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PLATE VIII. 
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7. DIMENSIONS oF STACK (ENDWISE OR SIDEWISE PILING). 


_ The customary width of stacks is from 8 to 16 feet. The height is governed by 
the size and character of the lumber and by the methods of moving it. 


8. TREATED ENpDs (ENDWISE OR SIDEWISE PILING). 


The ends of lumber 24 inches thick or over, unless of the lower grades, should receive 
a brush treatment of paint or some liquid filler. 

The rules just given are based on information obtained through 
field investigations and from lumber manufacturers and wholesale 
and retail dealers, and accord with the best lumber-piling practice 
in general commercial use. Certain species of wood, however, re- 
quire particular care in. air-drying, and in this case slight variations 
from the rules are necessary in order to secure the best results. Some 
lumbermen in the South, for example, find that thick red oak checks 
badly on the ends, and in air-drying such stock have adopted tho 
scheme of protecting it with sun shields, as shown in Plate V, figure 1, 
which they claim reduces end-checking to a minimum. 

Mulls cutting red gum formerly experienced difficulty in drying 
the lumber, on account of its tendency to warp. This objection, 
however, has been largely overcome by the exercise of care in sea- 
soning. In erecting a pile of gum lumber, stickers are placed every 
2 feet apart, some lumbermen claiming that 18 inches in none too 
close to obtain the best results. Another scheme in more or less 
general use among ae manufacturers is to construct the 
pile so as to have a flue or “‘chimney”’ in its center, thus providing 
ample air circulation vertically veal the sung as shown in 
Plate V, figure 2. 

Green cottonwood, basswood, and yellow poplar lumber is likely to 
stain badly when piled. Accordingly, a number of lumbermen either 
end-dry the material or pole-dry it for a week or two and then place 
it in a “stuck” pile. In end-drying, the boards are stood up on end, 
edge to edge, under a specially built shed, with stickers arranged 
horizontally one above the other at specified distances. Such a 
pile presents exactly the appearance of a regular lengthwise pile of 
lumber set up on end. 

Plate VI, figure 1, shows a quantity of yellow poplarlumber being pole- 
dried, while Plate VI, figure 2, shows the frame used for the purpose. 

Hickory and ash lumber frequently check badly when air-dried. 
Lumbermen in the southern hardwood region have found that these 
checks will close up entirely if the lumber is first stuck-piled for 
6 to 8 months and then bulk-piled and protected by good covering, 
preferably sheds. 

Plates VII and VIII show lumber piles in yards where careful 
attention has been given to the matter of piling and yard arrange- 
ment. 
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KILN-DRYING. 


Lumber is kiln-dried when there is need for seasoning it quickly, 
or when the manufacturer does not wish to carry large stocks in his 
yard. A kiln is used also to further dry partially air-seasoned or 
even fully air-seasoned material, for special uses. 

The main problem in kiln-drying lumber is to prevent the moisture 
from evaporating from the surface of the pieces faster than it is 
brought to the surface from the mterior. When this happens the 
surface becomes considerably drier than the interior and begins to 
shrink. If the difference in moisture content is sufficient, the sur- 
face portion opens up in checks. 

The evaporation from the surface of wood in a kiln can be controlled 
to a large degree by regulating the humidity, temperature, and 
amount of air passing over the wood; and a correctly designed kiln, 
especially one for drying the more difficult woods, should be con- 
structed and equipped in a way to insure this regulation. 

A dry kiln may consist simply of a box in which lumber can be 
heated, or of a good-sized building or group of buildings (battery) 
containing steam pipes, condensers, sprays, and various air pas- 
sages capable of adjustment to regulate the amount of ventilation. 
The elaborateness of the kiln depends, of course, mainly upon the 
value of the lumber that is to be dried. For lumber worth $100 
per 1,000 board feet, it obviously will pay to use more careful dry- 
ing methods than in handling material valued at $20 or $25 per 
1,000 board feet. 

TYPES OF KILNS. 


Kilns for drying lumber may be divided into two general classes 
(fig. 16): (a2) compartment kilns, and (6) progressive kilns. In 
compartment kilns the conditions are changed during the drying 
process, and all lumber in the kiln is dried at one time. The condi- 
tions at any time during drying are uniform throughout the whole 
kin. In a progressive kiln conditions at one end differ from those 
at the other, and the lumber is dried progressively by being passed 
through the kin. Compartment kilns are used when it is desired 
to dry lumber of various sizes and species, while progressive kilns 
are used where uniform stock is handled. } 

The methods of operation generally used in lumber kilns are: (a) 
natural ventilation, (6) condensing, and (c) superheated steam. 

In kilns operating by natural ventilation, the humidity or dampness 
is controlled by the use of escaping steam and evaporated moisture. 
Circulation in progressive kilns is largely longitudinal and in compart- 
ment kilns transverse. Moist air is allowed to escape from the kiln. 

In condensing kilns the humidity is controlled by recirculating the 
air, which has taken up water from the lumber, across water pipes 
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Fic. 16.—Types of kilns, 
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INCLINED PILES 
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Fic. 17.—Methods of piling lumber for kiln drying. 
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or through water sprays. The temperature of the pipes or sprays 
governs the amount of water that condenses from the.air, and con- 
sequently regulates the humidity of the air when reheated before 
being passed over the lumber again. The circulation of air may be 
either natural or forced. Condensing kilns are generally of the com- 
partment type. 

Kilns operating with superheated steam are used only where the 
species to be dried are not injured by high temperatures, and where 
fast drying is essential. 

Lumber may be piled on the trucks which carry it into the kiln in 
any one of three ways (fig. 17): (@) flat or horizontal, (6) edge or 
vertical, and (c) inclined. Flat piling is best for longitudinal circu- 
lation. It is not so well adapted for transverse circulation, and is not 
economical for downward circulation. Vertical pilmg increases the 
truck capacity, as there are no vertical spaces between the boards. 
Probably it is the best method for downward or any fast circulation. 
Provision has to be made, however, for keeping the boards in place in 
the stack. Inclined piling allows for a definite movement of air either 
downward or upward (forced draft). It is an improvement, as 
regards circulation, over horizontal or flat piling. 

Some kiln operators using the flat or horizontal method of piling 
report excellent results from the construction of a V-shaped opening 
in the center of the truck pile. Such openings are from 24 to 3 feet 
wide at their base, and from 34 to 4 feet high. Where this practice 
is followed it is customary also to place the boards in the layers closer 
together as the top of the stack i is reached, to force greater lateral 
circulation. 

In loading lumber on kin trucks by any one of the three methods. 
mentioned, the stickers should be of a uniform thickness and arranged 
in the piles in alignment. 

It is advisable also not to attempt to dry various thicknesses of 
lumber together. Thick lumber takes longer to dry than thin 
lumber, and when different thicknesses are mixed the operation has 
to be governed by the thick stock, to the possible detriment, or at 
least the unnecessarily long drying, of the thin stock. 
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PRELIMINARY TREATMENTS. 


Lumber to be kiln-dried is sometimes steamed in a separate com- 
partment before being placed in the kiln proper, especially where the 
kiln is not designed for moist-air treatment. In transferrmg lumber 
from a compartment for preliminary treatment to the kiln proper, 
every care must be used to avoid a sudden change in humidity. The 
object of the steaming is to heat the lumber and thus make easier 
the transmission of moisture from the interior to the surface, and also 
to moisten the surface in case it has become casehardened or “‘set”’ 


iy 


26 BULLETIN 552, U. S. DEPARTMENT OF AGRICULTURE. 


during partial air drying. Other effects, also, are produced, which to 
a greater or less extent change the properties of the wood. The 
‘‘sap’’ in the wood is changed by ‘‘cooking,” as indicated by a darken- 
ing of the wood, the degree of coloring depending upon the tempera- 
ture and duration of the process. Other changes of a chemical 
nature apparently also take place in the wood during steaming. 

The pressure and duration of steaming desirable in kiln-drying 
have not yet been thoroughly worked out. Durations of from 5 
minutes to 24 hours or longer, and pressures ranging from atmospheric 
to 50 pounds gauge, have been used in practice. The higher the 


pressure the greater is the effect produced, and the longer the time 


the more thoroughly the treatment penetrates the wood. Experi- 
ments have shown that a pressure slightly above atmospheric for 24 
hours will slightly darken 2-inch maple clear through, and a pressure 
of 40 pounds will turn oak and probably other hardwoods almost 
black. Even where the strength of the wood is not the primary 
consideration, it probably is not safe to exceed 15 pounds gauge 
pressure (250° F.), except for special purposes. 


THE PROCESS OF DRYING. 


After the wood has been heated thoroughly in a humid atmos- 
phere, either in the kiln proper or in a separate compartment, it is 
ready to have the moisture removed by evaporation from the sur- 
face. In kiln-drying uniform circulation apparently is the most 
important thing to be secured. The fact that air when it enters the 
drying chamber will be cooled, and therefore will tend to fall, should 
govern the method of piling and the direction of circulation. This 
means that the air should be allowed and assisted to pass downward 
through the pile, either by entering at the top of the pile or by an 
adaptation of this principle to other methods of pilmg. The rate of 
evaporation may be controlled best by regulating the amount of 
moisture in the air (relative humidity) circulating about the lumber 
in the kiln; it should not be controlled by reducing the air circula- 
tion, since a large circulation is needed at all times to supply the 
necessary heat. Air at 100 per cent relative humidity contains all 
the water it can carry and has no effect in drying wood. If, how- 
ever, the humidity is reduced to 90 per cent and the air then passed 
through a pile of wet lumber, the air can take up a certain amount 
of moisture. If drying does not progress rapidly enough with the cir- 
culating air at 90 per cent humidity, it may be reduced still further. 
This may be accomplished by ventilation, by condensers, by water 
or steam sprays, or in a number of other ways. Any well-made kiln 
which will allow the control of the humidity, temperature, and cir- 


1 See ‘‘ The Circulation in Dry Kilns,’”’ by H. D. Tiemann, Lumber World Review, May 10 and June 10, 
1916. 
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culation of the air passing over the lumber should give satisfactory 
results. If checking begins during the drying process, the humidity 
should be increased until it stops. Steam jets in a kiln are often useful 
for this purpose. In changing the humidity the circulation should 


not bereduced. A large body of 
UWL Ue eblleBes 


moving air is necessary in order 
to keep a uniform temperature 
clear through to the center of 
each piece of wood in the pile and 
at the same time supply the heat 
required for evaporation. If suf- 
ficient circulation is not secured, 
the supply of heat for both pur- 
poses will be lacking and the 
material will not dry uniformly. 
Figure 18 shows the conditions 
in a kiln during a run with refer- 
ence to temperature, humidity, 
and moisture in the wood. It 
will be noted that the humidity 
is kept high at first and lowered 
eradually. The temperature is 
held at a certain level for some 
time and then raised. The mois- 
ture is lowered gradually to a 
final condition of less than 5 per 
cent. f 

The maximum rate of drying 
at a given temperature is reached 
when moisture is evaporated 
from the surface of the wood just 
as fast as it is transmitted from 
the interior. This rate is fixed 
by the rate of transmission of 
moisture within the wood and 
varies with different woods. 

The temperature of drying ap- 
parently mfluences the rate of © * 8 2 8 8 = 3 
transmission of moisture within icin 
the wood. The higher the temperature of the wood the more rapid 1s 
the rate of transmission of the moisture, and hence the rate at which 
the moisture may be evaporated safely. This, of course, applies only 
to temperatures below those which might result in injury to the wood. 
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Fig. 18.—Typical conditions in a kiln during a run. 
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Drying tends to render wood more or less brittle. Although the 
strength of wood increases with its degree of dryness, yet wood which 
has been dried and resoaked is less resilient than when green. There- 
fore, where strength is the prime consideration, it is preferable not 
to dry the wood beyond the degree at which it is to be used. The 
final stage of kiln-drying is generally conducted at a humidity some- 
what below the actual humidity that on long exposure would pro- 
duce the same average moisture condition. This is done in order 
to hasten the drying and to make it uniform throughout each piece. 
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In the present bulletin no attempt has been made to give an exhaus- 
tive study of the life history of the chicken mite; rather the aim has 
been to work out the main points in the life cycle of this pest and to 
discover principles upon which combative* measures may be based.’ 


REARING METHODS USED IN LIFE-HISTORY EXPERIMENTS. 


The method of feeding the mites was simple. A large earthen jar, 
in which a small roost was put, was utilized for a breeding cage. The 
jar was set in a pan of water in order to prevent the escape of the 
mites, and a coarse-mesh wire screen was fastened over the top to 
hold the chicken in the jar. When it was desired to feed the mites 
they were either dropped in the bottom of the jar or else put on the 
fowl’s back. Easy access was thus obtained to the host, and seldom if 
ever were hungry mites seen in the jar after being one night with the 
chicken. Sheets of paper were put in the bottom of the jar to collect 
the manure and some of the mites. Most of the fed mites were found 
about the roost in cracks prepared for them. 


1 Dermanyssus gallinae Redi. 

2See Farmer’s Bulletin No. 801, United States Department of Agriculture. 

3To Mr. F. C. Bishopp the writer wishes to express appreciation for direction and 
helpful suggestions obtained in the course of the work. 
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Molting, mating, and deposition took place in tubes or small vials. 
In case individuals were being watched, vials were used, and where 
many mites were confined, test tubes were used. The vials were 
plugged with absorbent cotton covered with a small piece of black 
cloth. Black cloth was used because, owing to the contrast in color, 
it was much easier to observe the small white eggs and larve. The 
test tubes were plugged with cotton covered with white cheesecloth. 
No moisture or food of any sort was added to the tubes. 

In the longevity experiments varied conditions were supplied. 
Some of the mites were kept in tubes on moist sand, others were kept 
in dry tubes, and others were on roosts. In the longevity experiment, 
in which the mites were supplied with a hen’s egg, the egg was in a © 
lantern chimney, both ends of which were covered with a piece of 
black cloth. 

LIFE HISTORY. 


THE EGG. 


In appearance the egg of the mite is a small, oval, smooth, pearly 
white, and somewhat iridescent object (PI. 1). Ten eggs measured 
showed a maximum length of 387 microns, a minimum of 373 microns, 
a maximum width of 265.5 microns, and a minimum width of 244 
microns, the average length being 379.3 microns and the average 
width 255.65 microns. 

Incubation during the latter part of August took place in about 
48 hours. The average mean temperature at this time was 78.43° F. 


THE LARVA. 


The young larva (Pl. I) on hatching is white and has only three 
pairs of legs. At the rear of the abdomen is a small protuberance 
which does not appear on any other stage. The larva moves about 
slowly, unlike the other stages, which are very active. The length 
and width of the larval body measure practically the same as those of 
the eggs. Without ever having fed, the larvee molt to nymphs. Molt- 
ing takes place in about 24.5 hours after hatching, when the average 
mean temperature is 73.5° F. 


THE FIRST-STAGE NYMPH. 


The young nymph (PI. I) backs out of its larval skin like a per- 
son drawing his hand out of a tight glove. It has now acquired 
another pair of legs, making four pairs. After a few hours of rest- 
ing, to give time for the body integument to harden, it becomes very 
active and will now feed if given a chance. The first-stage nymph is 
shghtly darker in color than the larva, having a brownish tinge. 

With its long, piercing mouth parts the nymph sucks the blood 
of the fowl. It crawls from the fowl onto the roost when fully 
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engorged, and is now bright red, owing to the ingested blood showing 
through the skin. The measurements of the mite (average of five) 
at this stage are: Length, 568 microns (abdomen only); width, 
338.4 microns; thickness (average of three), 266 microns. After a 
period of somewhat less than 24 hours the first-stage nymph molts 
to the second stage. ~The average mean temperature during the 
period when the molting was observed was 82.9° F. 


THE SECOND-STAGE NYMPH. 


The second-stage nymph, like the preceding stage, requires a short 
period of rest to harden the integument. As soon as the nymph 
becomes active it is 
ready to feed. Some 
authors have said that 
the mite takes long 
periods of rest. ‘The 
writer finds that when 
such rest periods are 
taken it is from force 
of circumstances and 
not from desire on the 
part of the mite. The 
mite before feeding 
measures (average of 
four) 538.2 microns in 
length and 297.9 mi- 
crons in width. After 
feeding, the mite meas- 
ures 751.9 microns in 
length by 461.4 microns Fic. 1—The chicken mite (Dermanyssus gallinae) : Fe- 
in width ( average of niko he ee Greatly enlarged. 
10). The second-stage ; 
nymphs molt to adults (fig. 1). This is the rule, although there may 
be some nymphs which undergo an additional molt before reaching 


the adult stage. The writer found one mite which apparently had 


three nymphal stages. A single instance, however, can hardly be 
accepted as sufficient evidence for making an exception to the rule. 


THE ADULT. 


As soon as the males crawl out of their nymphal skin they rest a 
short time, and are then ready to reproduce. They may clasp a 
nymph if no females have yet appeared, but as soon as a female 
appears a male will find her and clasp her, the venter of the female 
in close contact with the venter of the male. It is certain that 
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fertilization can take place soon after molting and before feeding, 
and it can take place also after feeding. Directly after molting 
the females will feed, but the males will not. No doubt each male 
is able to fertilize several females, so that immediately after molt- 

ing this is all the male 


By desires. Normally ferti- 
V7 lization takes place off the 
host, though it is conceiv- 


Y able that occasionally it 
Us may take place on the 
j host. The females begin 
depositing eggs within 
about 12 hours after feed- 
ing. They will feed and 
deposit fertile eggs re- 
peatedly with only one 
fertilization. Under ob- 
servation this was done 
eight times. No doubt 
under natural conditions 
these females would have 
been visited by males sevy- 
eral times. A single feed- 
ing during warm weather 
Fic. 2—The chicken mite: Female mite engorged 1S all that is necessary for 
with blood. Greatly enlarged. (Bishopp and egch deposition. A very 
Wood.) : 
small number of mites 
failed to oviposit after having had one good feeding. An engorged 
female is shown in figure 2. 
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LIFE-CYCLE EXPERIMENTS. 


The following outline gives an accurate record of the life cycle as 
worked out at Dallas, Tex.: 


First-stage nymph engorgement: 
August 6,6 p.m. Several hundred first-stage nymphs put in jar with fowl. 
August 7,9 a.m. 542 engorged first-stage nymphs recovered. 
First-stage nymph molting: 
August 8, 7.30 a.m. Many have molted to second-stage nymphs. 
Second-stage nymph engorgement: 
August 9, 5.30 p.m. All the second-stage nymphs (perhaps 50 of the 542 died) 
put in jar with chicken. The nymphs are very active. 
August 10,9 a.m. 263 engorged nymphs recovered. 
Second-stage nymph molting and mating: 
August 11,9 a.m. Many have molted. Several pairs found to be in position 
of copulation. 
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THE CHICKEN Mite (DERMANYSSUS GALLINAE). 


Upper left, eggs; upper center, larva, dorsal view; upper right, first-stage nymph before feeding; 
low, old roost showing spots of excrement. All much enlarged except the lower figure, which 
is somewhat reduced. (Original.) 
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First engorgement of females: 
August 12, p.m, Put foregoing mites with fowl over night. 
August 13, 9 a.m. 70 engorged females recovered, and about 30 unfed males. 
Females put in separate tubes from the males and one female in a tube. 
First deposition of females: 
August 138, 7 p. m. (before). Two females have begun to deposit. 
‘August 14,9 a.m. Five females are now depositing. 
August 14,9 a.m. Five females are now depositing. 
August 15, 8.30 a.m. 52 females are now depositing. 
August 15, 1.30 p. m. 61 females are now depositing. 
August 15,5 p.m. Same. 
August 16, 10.30 a. m. 62 females are now depositing. 
August 16,4 p.m. 64 females are now depositing. 
Hatching of eggs to larve: 
August 16, 10.30 a.m. Some eggs from 17 of the females have hatched. 
August 17,11 a.m. 40 females now have eggs hatching. 
August 17,4 p.m. 43 females now have eggs hatching. 
August 18,10 a.m. 48 females now have eggs hatching. 
(Sixteen females unaccounted for in notes.) 
Molting of larve to first-stage nymphs: 
August 16, 10.30 a. m. Some of one female’s larval progeny have molted to 
first-stage nymphs. 
August 17, 11 a.m. Some of 34 females’ larval progeny now have molted to 
nymphs. 
August 17,5 p.m. Some of 42 females’ larval progeny now have molted to 
nymphs. 
August 18. Some of 57 females’ larval progeny now have molted to nymphs. 
Second engorgement of females: ; 
(No males put with females before, during, or after feeding.) 
August 20 (night of). About 60 females put with fowl. 
August 21,9 a.m. 59 engorged females recovered and put in separate vials, 
except seven which were not fully fed. 
Second deposition : 
August 22, 5 p. m.— 
6 females have laid 1 egg each. 
5 females have laid 2 eggs each. = 
24 females have laid 8 eggs each. 
10 females have laid 4 eggs each. 
6 females have laid 5 eggs each. 
2 females have laid 6 eggs each. 
August 23, 9.30 a. m.— 
6 females have laid 1 egg each. 
4 females have laid 2 eggs each. 
10 females have laid 3 eggs each. 
15 females have laid 4 eggs each. 
11 females have laid 5 eggs each. 
5 females have laid 6 eggs each. 
2 females have laid 7 eggs each. 
Totals, 53 females deposited 203 eggs. 
The average mean temperature during this period was 80.8° I. No more 
eggs were deposited by these females until they were fed again. Two of the 
mites died after this deposition. 
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Hatching and larva molting from second deposition : 

On August 23, 10 a. m., 18 eggs of this lot had hatched and one of the larvze 
already had molted to a nymph. On August 24, 3 p. m., 178 eggs had hatched, 
and 66 of the resulting larve had molted. August 25, 2 p. m., all but four eggs 
had hatched, and 167 of the larve had transformed to nymphs. The following 
day only three eggs remained unhatched, and 190 of the 200 larve hatched had 
become nymphs. ; 
Third engorgement: 

August 26, 5 p. m., 51 females were put on a fowl for their third feeding; 49 
of these were recouened on the following morning. All of these were engorged 
except one. 

Third deposition: 

Three of these females had begun depositing at 11 a.m., August 27. During 
the afternoon, night, and following day deposition proceeded freely. All but 
eight of the females had begun depositing at 5 p. m., August 27. All except 25 
had completed deposition at 7 p. m., August 28. Only one egg was found after 4 
p. m., August 29. It will be seen that deposition began approximately 18 hours 
efter the mites were placed on the host and that practically all the eggs were 
deposited during the two days following the night of engorgement. The a SLLSS 
mean temperature during this period was 78.43° F. 

Hatching and larval molting from third deposition: 

Two of these eggs had hatched by 8 a. m., August 29. All of those which 
completed incubation had hatched by 3 p. m. on August 31 except one, which 
hatched prior to 2.30 p. m. the following day. All but three eggs hatched, or 
slightly less than 1.3 per cent. 

In a series of 10 eggs of the foregoing lot deposited between 2 and 4 p. m., Au- 
gust 27, six hatched between § a. m. and 3 p. m., August 29. Two others hatched 
during the next hour, and all were hatched at 10 the following morning. In 
another series of ten eggs deposited on August 27, the incubation period ranged 
from 45 to 49 hours, with an average of slightly less than 48 hours. During 
this period the average daily mean temperature was 78.43° FP. 

-Molting of the larve which hatched on August 29 to September 1 from the 
eggs of the third deposition began on August 30, at 10 a. m., and was complete, 
with the exception of one individual, at 4 p. m., on September 2. The molting 
of the 10 larve hatched on August 29 was observed and ranged from 19 to 28 
hours, with an average of 24.5 hours. 

Fourth engorgement and deposition : 

On the evening of September 3 the 46 remaining females were placed with a 
fowl for their fourth feeding. Thirty-five engorged females were recovered the 
following morning. On September 6 deposition was completed by all but two 
females. On September 8 all had finished depositing. One died without ovi- 
positing, and three died soon after deposition was complete. 


Fifth engorgement and deposition: 

The remaining 32 females were put on a host for the fifth time on the evening 
of September 8. No males had been with them since previous to the first feed- 
ing. On September 9 22 engorged females were recovered, and all but two 
deposited—one of these died. 


Sixth engorgement and deposition: 

The sixth engorgement of the 20 females was made during the night of 
September 13. Fifteen of these were found engorged the following morning. 
Of these, three failed to deposit eggs. One of these three died. 
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Seventh engorgement and deposition: 

During the night of September 17 12 females were placed with a host and 10 
recovered. Seven of these deposited, one of the other three died, and one died 
soon after deposition. 


Highth engorgement and deposition: 

The eighth engorgement was made during the night of September 22. All 
of the eight females applied to the host were engorged. Six of these deposited, 
beginning September 23 and finishing September 26. One female died without 
depositing and one failed to deposit. 

On September 28, 100 per cent of the eggs deposited following the eighth 
engorgement had reached the nymphal stage, thus showing that fertility per- 
sisted though males were not with them since prior to the first feeding. 


Ninth engorgement: 

On September 28 the seven remaining females were put on a host for the 
ninth engorgement, but as only one was recovered the following morning the 
experiment was discontinued. 

A summary of the depositions, with the number of eggs deposited 
by each female, is given in Table I. 


Taste I.—Summary of oviposition records of Dermanyssus gallinae, Dallas, Tevx., 


1916. 
N umber of females depositing 0 to 8 
eggs each. Total | Average eel Number 

Depositions. number per ©: depos- of females 
Papel eulew. | oy euleeules ofeggs. | female. iting. engorged. 
SHAT Stleenete cectesemie se alles alone <flscs 2 ecclesia cell earl yee [ayaa eee orga ge aac alae Ue is ea rt A ea 
Seconds aisle 332: 0) 6) 4/11) 14/11} 4] 3) 0 203 3.8 53 53 
PRGITIE ese ces cece. Th Bip as Sah ees a eh 239 4.98 48 49 
HOUnUTES Sec ekeos ose 2) 0) 2] 3:10) 6) 9 1} 2 160 4.84 33 35 
IRN fiona case a A Od oOsh ape ie © 94 4.7 20 22 
Sissies aes ees Se Sp ON Sp ey ey a 48 4.0 12 15 
SHUG) G8adeoeeeeeee 3/ 0; 4/'1} O} 1} 1] 0} O 22 3.14 7 10 
ighthwe 2st e. cence! 2} 0} 1]; 1] 2] 1) Of} 1] 0 25 4.16 6 8 


1 Not recorded. 


DISCUSSION OF RESULTS OF LIFE-CYCLE EXPERIMENTS. 


No attempt was made in the experiment to see how quickly the 
life cycle could be accomplished. In the foregoing experiment the 
actual time taken for the mite to pass through its life stages was 
10 days. Under natural conditions in August without doubt this 
time would be reduced to at least 84 days. Tables IT and III show 
in brief the actual time taken in the experiment and the probable 
time in nature. 
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TaBLE I]—Actual time taken by the mite (Dermanyssus gallinae) in experiment to go 
through life cycle. 


Date. Hour. Day. Stage of deve'‘opment. 
9p.m... First-stage nymphs fed on fowl. 
Aug. 6 {3 a.m... \ 1 {First stace nymphs are all fed. 
7 {3 a Pot \ 2 | Second-stage nymphs molted from first-stage nymphs. 
9p.m... \ 
8 { 3 
Datmees 
g \f9 p.m... \ A Second-stage nymphs fed on fowl. 
9a.m... Second-stage nymphs recovered fully fed. 
10 {9 ak \ 5 | Adults have molted from second-stage nymphs. 
Oipamens 
ul { \ 2x6 
Dap lease 
19 |{9 Pp. m..- \ 7 Females fed on fowl. 
a.m -- Females fully fed recovered. 
13 {5 Com \ 8 | Eggs being deposited. 
14 { p-m.. \ 9 
Vaymss- 
15 |{9P- mM... 10 Some eggs still being deposited. 
9a.m... Some eggs have begun to hatch to larve. 
16 | 9p.m.. 11 | Larve have begun to molt to first-stage nymphs. 


TaBLeE I1I—Probable time in nature the mite (Dermanyssus gallinae) takes to go through 


life cycle. 
Day. Hour. Stage of development. 
. atimein 4 Eggs laid. 
First..... p.m... 
Second.. {F ace 
Third... .|{2° mi ates Eggs hatched to larve. 
acai ees Larve molt to first-stage nymphs. 
Fourth... -m....| First-stage nymphs feed. 
Fifth Ta ‘ 
SESS -m....) First-stage nymphs are molted to second-stage nymphs. 
Sixth Ciel Bene 
-°-"\)p.m....| Second-stage nymphs feed. 
Qin | 
Seventh.. p.m..-..| Second-stage nymphs molt to adults. 
. Ha at Pe 
Eighth...) \p.m-....| Females feed. 
INinths-. -| assess. Eggs laid. 


The average rate of deposition is about four eggs per day; that 
is, one egg in about 6.4 hours. 

The rapidity with which the mite may reproduce is amazing. The 
possible progeny of one female in five weeks is conservatively esti- 
mated at 1,631 individuals, or, considering the duration of life of a 
female as eight weeks, her progeny would total 2,609 mites. 


LONGEVITY. 


As might be expected, since it feeds often and ordinarily does not 
have to wait long for a host, as do many of the ticks, the mite lives 
a comparatively short time in the absence of food. The experiments 
indicate that a certain amount of moisture and moderate temperature 
favor longevity, while extreme dryness and high temperatures are 
tnfavorable factors. The mites die off much faster in the absence 
of food during the hot summer months than they do during the 
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winter. The lowest temperature experienced by any of the mites 
under observation was 15° F., the highest 97.5° F. Adults and sec- 
ond-stage nymphs, during the months of July, August, September, 
and October, lived longest when moisture was applied—from 91 to 
98 days. Under dry conditions the mites lived 56 to 85 days. Dur- 
ing the months of August, September, October, November, and De- 
cember mites under dry conditions lived from 100 to 108 days. The 
longest that adults which had never fed as adults lived was from 
88 to 96 days; this was during the months of October, November, 
December, and January. All stages on a stick of wood lived 91 to 
113 days in the months of September to January, inclusive. All 
stages in a glass chimney with a cracked egg lived more than 107 days 
during the same months. 

First-stage nymphs have about the same period of longevity as the 
other stages. During the months of July to November, inclusive, this 
stage, when moisture was added, exhibited a longevity of 81 days 
under both moist and dry conditions. Second-stage nymphs seem to 
be the longest lived. During the months of September to January, 
inclusive, individuals in this stage lived 189 days. Females which 
had completed oviposition lived from 29 to 39 days during September 
and October, when kept under dry conditions. Females feeding and 
depositing continuously live longer than those not allowed so to feed 
and deposit. In the life-cycle experiment some females lived longer 
than 53 days. 

One may therefore conclude that the mite can be starved out of a 
chicken house by keeping fowls and other animals away from the 
house for four months during the summer season and five months 
during the cooler season. It is probable that with uniformly cold 
weather, as in the Northern States, the longevity would be some- 
what greater than in these experiments, all of which were conducted 
at Dallas, Tex. 


FEEDING AND HIDING HABITS OF MITES. 
FEEDING HABITS. 


The usual habit of the mite is to feed at night. An experiment was 
conducted to determine whether mites feed and leave the fowl imme- 
diately or whether they have a particular time for dropping, such 
as just before daylight, as one writer claims. Two hours before dark a 
fowl was put on a roost containing a large number of hungry mites. 
Very few mites ventured far out of their hiding places at this time. 
A few did go to the fowl. At dark, two hours later, only four mites 
were found to have fed and left the fowl. One hour after dark 
nearly 600 mites (adults and first and second stage nymphs) had fed 
and left the fowl. One and a quarter hours later 535 more fed mites 
left the bird. Mites continued to drop in smaller numbers until after 
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daylight. The writer finds that normal feeding takes place during 
the hours of darkness and that mites leave the fowl soon after 
feeding. All stages of mites will go on a fowl, feed, and leave it in 
less than two hours. In another experiment from 20 minutes to one- 
half hour was found to be sufficient time for complete engorgement. 
In one experiment about 30 per cent of a large number of mites put on 
2 fowl in an earthen jar at 10 a. m. were full fed when observed at 
2p.m. The fact that some mites will feed day or night accounts in 
part for their very rapid increase about a sitting hen. 

Though mites feed at night, they do not necessarily all crawl off 
the host before the fowls leave the roost. Both fed and unfed mites 
may be retained in the feathers when the fowls are running about. 
The number of such mites on a fowl seems to be small, but quite suffi- 
cient to infest a new place. The length of time mites may remain on 
a fowl] after it has been on an infested roost is not certain. Experi-° 
ments designed to throw some light on this point developed that 
nearly all mites leave the fowl by the end of the third night, but a 
few stragglers may persist for several days. It would be advisable 
for a person introducing new stock into his mite-free flock to use a 
little caution if-he would avoid an infestation. 

The author would suggest that new stock not known to be free of 
mites be allowed to roost the first few nights on a new roost wrapped 
with pieces of folded paper, preferably black. The object of using 
the paper is to furnish a convenient place for mites to hide. The 
paper may be examined, and if mites are found the fowls should be 
kept on this roost five or six days, or until no more mites come off of 
the fowls. If mites are discovered, by removing and destroying the 
papers and treating the roost thoroughly with kerosene or crude oil 
any danger of the mites getting back on the fowls can be avoided. 

The ease with which mites reach the host has a decided bearing on 
the rapidity of increase. Hungry mites, though placed quite near a 
fowl, have great difficulty in finding the host unless the means of 
access is direct. This fact would account for the mite preferring 
to hide on the roost. When mites are found all over the walls the 
infestation must be a heavy one. To apply the above facts to aid in 
control work, the roosts should not be connected up with the walls 
of the chicken house unless some method of preventing the access of 
the mite to its host is used. The same may be said of the nests. The 
simpler and more isolated the roosts and nests, the easier it will be 
to eradicate the mite. (For control measures see Farmers’ Bulle- 


tin 801.) 
HIDING HABITS. 


The direct rays of the sun act as a powerful killing agent when 
mites are exposed to them. Mites put on a board in the direct sun 
(July) were killed in a few seconds. Need of a suitable dark, pro- 
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tected place for deposition and molting governs the hiding habits of 
the mite. This may be a crack in a board or only a rough place, or 
it may be in the dry manure or litter. Here a place Se deposition, 
molting, mating, and resting is provided. A very common hiding 
place for mites is near the nails that hold the roosts to their supports. 
When the mites become abundant they will overrun the roost and 
may be found anywhere in the chicken house. Their presence about 
a house may be detected by the minute black and white spots (excre- 
ment) left on the roosts. (See Plate I.) In the spring, when the 
weather becomes warm, mites come out of their hiding places in 
great numbers and, not having fed for perhaps a month, run about 
as tiny gray specks in ravenous haste seeking food. At this season 
the poultryman can tell easily whether his poultry or coops are 
infested with mites. A little later, in the case of hight infestations, 
the mites may seem to disappear, but a careful search will show that 
they have had a feeding of blood and are hiding to reproduce. From 
now on they come out, perhaps only a few at a time, every night as 
long as the weather is sufficiently warm. It is important to clear 
away all manure and trash before trying to kill the mite by spraying 
with insecticides and to have a roost which may be removed easily, so 
that the underside may be sprayed. 


PASSING THE WINTER. 


For the mite the winter season is merely a time of lessened activity. 
During warm spells and in artificially heated houses the mite will 
feed if fowls are in reach. Since the mite may live at least four or 
five months, as shown by longevity experiments, there is no chance 
in the Southern States of cold weather lasting so long that the mite 
will starve from this cause. Low temperatures may kill the weaker 
individuals but do not destroy those with more vitality. 


ENEMIES. 


A small black ant (Monomorium minimum Buckley) has been seen 
to carry away recently-fed mites. Other species, notably the fire ant 
(Solenopsis geminata Fab.), destroy many. Certain spiders also have 
been seen to attack and destroy mites. Whether or not ants and 
spiders are of much importance in this respect is not definitely 
known. The author has found, however, that some infestations 
which were not quite killed out by spraying seemed to be extermi- 
nated by natural enemies. 


DISPERSION. 


Mites may be spread in the following ways: 

(1) By infested fowls transferred to clean localities. 

(2) By the use of ‘boxes and crates in which infested fowls have 
been kept. 
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(3) Through the carrying by man of mites on his clothing, thereby 
starting an Hogan 

(4) Through the carrying of mites by sparrows, and sicbitise by 
pigeons, fous one place to another in their feathers. 

(5) By horses, cattle, dogs and cats, and certain wild animals, such 
as foxes, skunks, and weasels, which possibly act as mechanical car- 
riers. 

(6) By migration of the mites to buildings in contact or close 
proximity to infested premises. 

The most important method of spread, without doubt, is by in- 
fested fowls. In general, it may be said that any carrier may be- 
come of greater or less importance, depending upon its closeness of 
association with an infestation and the degree of the infestation. 
Also, the danger of infestation increases the nearer clean fowls are 
located to infested ones. 


OTHER HOSTS. 


The writer has had thousands of mites crawling on his skin but has 
no knowledge of having been bitten by any of them; the feeling pro- 
duced by the crawling mites, however, is very disagreeable. Other 
people testify that the mite bites them. While turkeys are attacked 
freely, chickens are favored, and other poultry (pigeons) are fed 
upon. Stock in barns abutting on chicken houses are at least irri- 
tated by mites. 


FOOD OTHER THAN BLOOD. 


Does the mite feed on anything besides blood? Inasmuch as a 
number of writers have said that the mite feeds on filth of different 
sorts, a few experiments were undertaken to get some evidence on the 
question. 

Mites in different stages were put with moist and dry hen drop- 
pings, and with feed such as cornmeal and bran, and were watched 
closely for several days. Mites were then tried with white of egg 
and yolk of egg; a small quantity being put in a tube with about 50 
mites. The mites did not appear to feed,nor, after several days, did 
they look as if they had fed on any of these substances. Mites were 
put in a vessel with a partially dried egg but did not appear to feed 
on it. Mites with access to filth, dirt, etc., lived no longer than mites 
without access to these substances, and they did not breed in this 
material. 

Inasmuch as the mouth parts of the mite are fitted for piercing 
and sucking, a fresh egg was cracked so as to expose the amnion, to 
see if the mite would be able to draw nourishment from it. Careful 
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measurements were made before and after the chance to feed on egg 
was offered the mites, but there was practically no change except in 
the case of one female which increased in length 71.75 microns and 
in width 100.45 microns. Some of the same mites which refused to 
feed on the cracked egg fed on a fowl when the chancé was given 
them. The experiment indicates that mites rarely take nourishment 
in this way. 


CONDITIONS FAVORABLE FOR PROPAGATION OF MITES. 


The two conditions most favorable for the propagation of mites 
are (1) frequent direct and easy access to the fowls, and (2) nu- 
merous hiding places, such as a complicated roost, dirt, litter, etc. 
Other favorable conditions are the allowing of dirt and refuse to 
collect, without removal for several weeks. Darkness and dampness 
without doubt help the mite to live longer in the absence of food. 
Even under the most sanitary conditions it is able to increase and 
multiply, so that cleanliness alone is not sufficient to rid premises of 
the mite, although it is one of the first things to be sought when an 
attempt at extermination is made because of the greater effectiveness 
of insecticides when applied. 


SUMMARY OF LIFE HISTORY. 


Blood is the necessary food of the mite in all stages except the 
larva, in which stage no food is taken. 

It takes about one-half hour to one hour for the mite to get its full 
feeding and leave the fowl. The mite ordinarily crawls off the fowl 
onto the roost or other near-by place, where it finds a convenient crack 
or crevice in which oviposition, molting, and mating take place. Fe- 
males deposit an average of four eggs each at the rate of four eggs in 
24 hours. After finishing deposition the females feed again, usually 
at night, one engorgement nearly always being sufficient for each 
deposition. When full of blood the female is elliptical in outline, 
plump, and blood red (see fig. 2). Females will continue to feed and 
deposit eight times at least, and possibly many more times. The 
female must copulate at least once before she will deposit fertile 
eggs, although fertilization is not necessary before each deposition. 
The male does not feed immediately upon molting as does the female, 
but stays in the cracks, no doubt to fertilize several females. The 
proportion of males to females is about one to two. The eggs hatch 
in two days (August). The larve, which have only three pairs of 
legs, molt without feeding in about one day. The first meal is taken 
as a first-stage nymph. The first-stage nymph before feeding is light 
colored, like the larva, but is much more active. It becomes engorged 
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with blood once and is ready to molt. One and one-half days is the 
length of time required by this stage. The second-stage nymph be- 
fore feeding is rather grayish and, like the preceding stage, is active. 
With one meal of blood and a molt the second-stage nymph becomes 
adult. The second-stage nymph, when fed, appears much like the 
adult (see fig. 2), but smaller. All stages after feeding are blood red. 
One and one-half days is required to bring the second-stage nymph 
to the adult. Unfed females are shghtly larger than unfed males. 
Mites that do not get a chance to feed may live four or five months. 
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IMPORTANCE OF THE PEST. 


The severity of the attacks of the cranberry girdler (Crambus 
hortuellus Hiibner) upon cranberry vines, together with its general 
distribution throughout the cranberry-producing regions of the 
United States, marks this pest as one of prime importance to this 
industry. 

The investigations into the seasonal history of the girdler and the 
observations on various methods employed to control it were made 
in New Jersey throughout a period covering nearly four years.” 

Bog-management practices in New Jersey are diverse, and many 
opportunities have been offered to note the effects on cranberry- 
eirdler infestations following one practice or another. Although it 
was stated by Smith (9, p. 21-24)? in 1903 that there is no such 
destruction of large tracts in New Jersey as in Massachusetts, it is 
apparent at this time that the girdler has become more of a pest each 


10rambus hortuellus; order Lepidoptera, family Pyralidae, subfamily Crambinae. 

2 During the field seasons of 1914 and 1915 the writer was assisted by Mr. H. K. 
Plank, of the Bureau of Hntomology, and opportunity is here taken to acknowledge Mr. 
Plank’s services, particularly in the field of insect photography. The work has been 
under the general supervision of Dr. A. L. Quaintance, Hntomologist in Charge of 
Deciduous Fruit Insect Investigations, Bureau of Hntomology. 

®* Reference is made by number to ‘“* Literature cited,” p. 19. 
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year. Smith’s statement no longer holds true for New Jersey bogs, 
owing to the fact that many large areas of cranberry vines have 
been utterly destroyed by the insect in recent years. 

Owing to its habit of feeding concealed in trash under the vines, 
the worm is very difficult to find and has been overlooked by many 
growers who were aware of the injury but uncertain as to the cause. 


HISTORY. 


The cranberry girdler has figured in entomological writings as a 
pest of grasses and will be found referred to in that connection as 
the “ garden crambid ” or “ garden veneer.” In cranberry districts 
it is frequently spoken of as the “ girdle worm,” but the generally 
accepted name for the species is the “ cranberry girdler.” 

From the time of its description by Hiibner (1, p. 29, pl. 7, figs. 
45,46) in Europe until the work of Scudder (5) and of Felt (6, p. 
75-76, 87-88, 99-100; fig. 7; pl. 3, fig. 19; pl. 9, fig. 19; pl. 14, fig. 19) 
little was known of its habits. The American form was first de- 
scribed by Zeller (3, p. 155-156) under the name of Crambus topiarius, 
and later by Grote (4, p. 74), who stated that Zeller considered 
topiarius to represent the European hortuellus in the American 
fauna. Of late years the girdler has been the subject of considerable 
study in Massachusetts by Franklin (10, p. 7-8). 


DISTRIBUTION. 


This pest is not confined to the cranberry-growing sections, but 
is widespread throughout the United States, Europe, and Canada. 
Originally described as a European species, it is listed by Wood 
(2, p. 216, pl. 47, fig. 1497, ») from various parts of England and 
by Felt (6, p. 99) from St. John, New Brunswick, Canada. Felt 
gives the distribution as Maine, Massachusetts, North Carolina, 
Tllinois, Nevada, and California, from which it may be noted that 
the species occurs practically from one end of this country to the 
other, and it is probable that it will be recorded eventually from 
every State in the Union. In the cranberry districts of Massa- 


chussetts and New Jersey it is very abundant, and in New Jersey _ 


especially it may be said that the majority of bogs show more or less 
injury by this species. It is common in Wisconsin, but has not be- 
come a serious cranberry pest, probably because the bog floors, as a 
rule, are kept wetter than those in the eastern cranberry States. 


FOOD PLANTS. 


The early records mention this insect as having been found com- 
monly on grasses, but just what grasses is not specified. Fernald (7, 
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p. 40, fig. 1) gives sheep sorrel as a host. In later years cranberry 
is mentioned frequently. On cranberry the larve confine their feeding 
to the woody parts, such as the runners and the larger roots, and occa- 
sionally some of the finer roots are taken. 

The investigation in New Jersey shows that a sedge, commonly 
called “three square” (Scirpus americanus), is fed upon liberally 
when present in cranberry bogs. This is one of the abundant bog 
weeds, and the larvee attack it at the crown, sometimes forming their 
cocoons in this situation. 


FEEDING HABITS AND DESTRUCTIVENESS. 


All the injury is done during the larva stage, beginning in early 
June and continuing throughout the summer and fall until about 
mid-October. ‘The worms are slow of growth, and the dying of the 
vines can not be detected readily until late August or September. 
During the early part of the season the worms are small and feeding 
is not extensive, but in late summer, when the worms are nearly full 
grown, they are ravenous feeders, and the lessened vitality of the 
vines is evidenced by the appearance of the foliage, which becomes 
fiery red or brown in September and October. Large quantities of 
the leaves drop off, and the few which remain on completely girdled 
vines become dry and drop during the winter, leaving areas of dead 
vines denuded of foliage presented to the view the following summer. 
Such dead areas may vary in size from a square foot to spots con- 
taining many square rods. . At the close of a second year of infesta- 
tion many of these dead areas will become merged, owing to the dying 
out of the vines in the intervening areas, by further girdler feeding. 
Under such conditions it is common to find areas of dead vines, 
leafless and very conspicuous by their black color, comprising as 
much as one-half acre (Pl. 1). Usually the vines around the mar- 
gins of the dead areas die back a little farther each succeeding year, 
although if the work of the girdler ceases, runners may spread out 
over the dead vines and tend to re-cover the area. This, however, is 
a very slow process, involving several years, and in the meantime the 
spot very frequently becomes a verdant patch of grass or sedge. In 
certain bogs small areas 2 or 3 feet in diameter (Pl. Il, A) may be 
killed, particularly where the trash is very thick beneath the vines, 
as is likely to be the case in some of the corners, and the damage will 
not grow to alarming proportions. Such areas vary little in appear- 
ance from year to year until at some time the girdlers are exter- 
minated, perhaps by a prolonged flooding of the bog. Then the run- 
ners push out and eventually fill in the bare spaces. 

Where girdler feeding has not been severe enough completely to 
kill the vines, and even in those places where only slight gnawing 
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of the runners has occurred, in a number of bogs it has been noted 
that such areas develop more rotten fruit than do adjacent vines in 
healthy condition. The weakening of the vines apparently tends to 
make the fruit more susceptible to fungous attack. , 

In severe cases of girdler feeding the vines may become so loosened, 
or so badly eaten and severed, that they may be rolled back with 
slight exertion, exposing the bare trash beneath. , 

Girdled vines are often found on which injured portions, where 
the bark has been abraded, are covered with white cottony material ; 
these are the waxy coverings of mealy bugs (Pseudococcus adonidum 
L.), and as they are rarely found on healthy vines they should be 
classed as secondary pests. 

The specific injury caused by the feeding worms is due to their 
eating through the bark of the runners into the wood, which often 
occurs to such an extent that the runner is completely severed. (PI. 
Ill, A,B.) Gnawing the bark completely around a runner will also 
kill that part of the plant beyond, provided no other roots nourish 
this part. Runners are often seen which have been tunnelled for 
short distances by this insect, and some are eaten down to mere 
splinters. The fine roots as well are eaten, but to a less extent than 
is the woody part. Feeding marks are sometimes found on the 
crowns of the plants where they arise from the hills as originally 
set. Practically all of the feeding, however, is done by the larve 
in a concealed position—in the trash which is found beneath the 
vines, which consists largely of fallen leaves, pieces of vines, and 
other débris, and forms a mat over the runners, affording the girdlers 
excellent protection from parasitic insects. 

The feeding marks of the cranberry girdler should not be confused 
with those of the cranberry rootworm (Phabdopterus picipes Oliv.), 
which feeds on the small roots and root hairs and on the runners only 
to the extent of eating the bark, usually on the side which touches 
the ground. In general, the rootworm feeds below the surface of 
the ground, whereas the girdler feeds above the surface but hidden 
in a layer of trash. The excrement of the girdler in badly injured 
areas is very abundant, appearing in masses, which indicates that 
the larva feeds for a considerable length of time without materially 
changing its location. Often the excrement, intermixed with bits of 
trash, will be found with silken threads woven loosely through it, 
and these rude galleries probably constitute a protective covering for 
the worm during the feeding period. Scudder (5) figured a cylin- 
drical, upright case for this larva occurring on grasses, and Fer- 
nald (8, p. 150) speaks of a vertical tube, constructed of bits of 
vegetable material held together by silk, but neither of these larval 
cases has been found on New Jersey cranberry bogs, and for this 
reason the larvee are described as being naked. 
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DESCRIPTION OF THE CRANBERRY GIRDLER. 


THE EGG. 


The egg (Pl. IV, 2) is white when first laid, becoming more and 
more pinkish as hatching time approaches. It is oval in outline, 
broadly rounded at the ends, with the end through which hatching 
occurs slightly more tapering than the base. The apex is divided 
into a number of cells of various patterns. The sides are ribbed 
vertically, usually regularly, but not always. These are crossed lon- 
gitudinally by much finer ribs. The average size of four eggs is 
as follows: Length, 0.441 mm.; greatest breadth, 0.318 mm. Fifty- 
eight eggs laid end to end would measure about 1 inch. 


THE LARVA. 


The last-stage larva (Pl. IV, A, B) has a dark-brown head with 
ocelli, mandibles, and labrum black; the clypeus is dark brown, the 
thoracic shield and tip of abdomen lght amber, and the rest of the 
body sooty white, bearing numerous long and short hairs which are 
black at the base and finely pointed. Its length is 12 to 15 mm., or 
about one-half inch. 

THE PUPA. 


The general color of the pupa (PI. IV, @) is pale yellow with eyes 
becoming black before the emergence of the moth; the tip of the 
abdomen is dark brown, the outlines of the wings and the antennz 
are brown, and the segments of the abdomen are edged with brown. 
The length is 8.5 to 11 mm., or about three-eighths of an inch. 


THE ADULT. 


Scudder (5) gives the following description of the adult (Pl. V, 
Al Jé1) 

Fore-wings above of a pale straw color, growing pale buff apically heavily 
marked with blackish fuscous of varying shades and with silver; the latter is 
mostly confined to two subapical cross-bands, the upper half of the inner and 
the whole of the outer oblique, the inner bent just above the middle and— 
crossing the entire wing (excepting that it fails to reach the costal margin 
above), the lower half at nearly right angles to the upper half and subparallel 
to the outer margin; the inner band is bordered interiorly with brown which 
extends to the costal margin; a broad stripe of silvery gray tapering apically 
follows the subcostal vein to the end of the cell and four fuscous longitudinal 
stripes reach nearly or quite to the inner silvery band, the uppermost more or 
less mingled with buff following the costal edge for nearly a third its length 
and then running a little obliquely across the upper extremity of the cell, the 
rext tinged with silver so as to become pearl gray extending along the middle 
of the cell; the other two follow the median and submedian nervures; three 
other short longitudinal fuscous lines, much overlaid and concealed by silver, 
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follow the nervules beyond the cell, while a supplementary brownish and 
cblique line intervenes between the oblique portion of the costal stripe and — 
the inner margining of the inner silvery band; the extreme outer margin of 
the wing has a black line on the upper half, and on the lower half at the 
nuervule tips three or four black points; the fringe is silvery. Hind-wings 
uniform silvery gray, narrowly edged on the upper half of the outer border 
with pale brown, the fringe silvery white. Expanse of fore wings, ¢ 15™™; 
-@ 17mm, Described from four bred males. 

The average length of 14 specimens, measuring from front of eye 
to tip of wing when folded, is 9.4 mm., or about three-eighths of an 
inch. The females are rounder of abdomen and average larger than 
the males. 


THE COCOON. 


The cocoon is composed of scraps of débris found on the floor of 
the bog, usually consisting of bits of dead leaves, bark, twigs, fine 
roots, grasses, sand, and dried excrement of the larva, with now and 
then a whole leaf attached loosely to the outside. This material is 
held together by fine strands of white silk, and the interior has a 
lining of white silk, parchmenthke in texture. In sandy locations 
the external part of the cocoon is sometimes made entirely of sand. 
However, for New Jersey bogs the typical cocoon is made of trash 
and appears dark brown in color. 

The shape of the cocoon is variable (Pl. VI, B.). In some in- 
stances it might be described as resembling in miniature a short- 
handled Indian club, while others appear of a curved cucumber 
shape. One end is always broadly rounded, being of greatest diame- 
ter about one-third the distance to the smaller end, and tapering 
to a cylindrical, slightly curved neck. Some loose strands of silk 
are placed in the neck for protection, but the end is not securely 
sealed as are the walls. When pupation occurs the pupa les with 
head toward the neck, and the moth is able to push its way through, 
leaving the pupal shell within the cocoon. One can not tell from 
external appearances whether the moth has emerged, because the 
exit hole is well concealed by the arrangement of pieces of trash 
which tend to fall back into position after the passage of the moth. 
The measurements of 13 cocoons are as follows: Length 11 to 18 mm., 
average 13.84.; greatest breadth 5.5 to 10 mm., average 6.88 mm. 

Vertical cylindrical cases often encountered on cranberry bogs, 
which might be confused in the mind of the grower with those of 
the girdler, are those formed by larve of caddiceflies—harmless in- 
sects which breed in wet places. There are many styles of these 
caddicefly cases (Pl. VI, A), and they are often found projecting 
straight up through the trash in areas infested by the cranberry 
girdler. 
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SEASONAL HISTORY. 


The seasonal-history data were secured on numerous bogs through- 
out the State of New Jersey and in rearing cages kept in a screened 
open-air insectary. Four-ounce ointment cans were satisfactory for 
securing the feeding, cocooning, and pupation data, while for ovi- 
position data and caging the moths a cloth-covered lamp chimney 
was found to fit tightly over a 1-ounce ointment can. 


ADULT STAGE. 


The time of emergence in the spring and summer depends largely 
upon whether the bog is a dry one or a flowed one and on the date 
of drawing the winter flowage. 

Dry-bog conditions—Cocoons kept at the laboratory during the 
winter of 1914-15, under approximately dry-bog temperatures, 
yielded moths from May 11 to June 18. In the cranberry bog where 
winter flowage was removed on April 10, moths began flying June 7. 

Winter flowage drawn May 10.—This represents probably the 
average date at which New Jersey growers remove the winter flowage. 
From a large mosquito-bar cage placed over an infested area of 
cranberry vines bared of winter flowage on the 10th of May, adult 
emergence was noted from June 10 to July 8. The complete record 
appears in Table I. 


TABLE I—Hmergence of cranberry-girdler moths on cranberry bog, Whitesbog, 


N. J., 1915. 
Date of removal from cage. amber Date of removal from cage. uber 
SUT OMLOM ess S aS 2) Se neh hye eas Fey ANA OA bb aNs) ISS Sener ns Bree) ane aie ee 38 
(wine Tl Joe Sos SeE Be SOR BUS ee Se maaaeaece AQ TUT CZs ee ONS cM cy meyer cate ARVIN eee 16 
dfbliny? 119). Boe Soe ee PARA NOSE ee Ce Gee CAIN SLU yy PAL ars esc ee ee yee ye A eo pt 
AVA) TU See sea epi ce hy PR care TLL 7ae| iu liyg Si sespe ease ray va ens tp at Aire i 
LSE HUG) TG SS NE ek ea Cee rai a a 24 


Keeping the winter flowage on a bog until some time after May 10, 
in the region of New Jersey, produces a later emergence of moths. 
There is a date, however, which no one as yet has determined definitely, 
when, owing to the lateness of holding the flowage, the immature 
stage of the moth is killed. One observation was made in 1916 on a 
bog at Howardville, N. J., showing that, although the winter flowage 
had been held until July 12, a number of the girdlers in the immature 
stages were able to survive this treatment, and moths were found 
flying August 3. 

On grassy bogs and on bogs bearing a heavy mat of vines the 
emergence of the moths may be prolonged over a long period. At 
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Whitesbog, N. J., records of late-flymg moths have been kept for 
three years, and it is not unusual to find them flying until mid-August. 
The heavily shaded places, from which the flowage is slow in drain- 
ing, probably retard the development of the immature forms in the 
cocoons and thus give rise‘to later issuing moths. These are the con- 
ditions: which have led to the erroneous conclusion that more than 
one brood occurs in the course of a season. 

The moths, which are strong fliers, are seldom noted in their con- 
cealment among the vines, but when disturbed they fly several rods 
or more, finally seeking shelter in the vines again and often running 
down to the trash fer security. When resting, the moths fold the 
wings tightly around the body and are inconspicuous; at night, with 
the aid of a lantern, they may be seen in this position clinging to 
vines or the stems of tall grasses. 

Proportion of sexes—In the early summer the males and females 
appear to be about equal in number; for example, on June 11, 24 
moths were collected, of which 12 were males and 12 were females. 
In late summer, however, the males are far in excess of the females, 
as shown by the following collections: Thirteen moths taken July 
27 consisted of 11 males and 2 females, while of 23 moths collected 
August 10 only 5 were females. 


EGG STAGE. 


In rearing cages the moths laid eggs from various positions, not 
necessarily resting on the bottom of the cage, but dropping the eggs 
from whatever position they happened to have assumed. No eggs 
were found attached to the cranberry vines or sides of the cage, but 
all were recovered on the cage floor. It is assumed, then, that on 
the bogs the eggs are laid either when the moths have crawled down 
to the trash or when they are clinging to vines or grasses. The eggs 
are so minute that there is little possibility of finding any under 
natural bog conditions. 

The moth has been known to be a prolific egg layer. Felt (6) 
records one female that laid 700 eggs, 300 of them being deposited 
on the first day. In the course of observations at Whitesbog, N. J., 
a female was noted which laid 50 eggs in less than two hours. 

The data in Table II give the number of eggs per female secured 
at Whitesbog, N. J., under insectary conditions. 

A male and female (reared) were placed in each cage and fed 
sugar sirup. 
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THE CRANBERRY GIRDLER. 
B.—Cage used in sanding experiment at Whitesbog, 
(Original.) 


A.—Mild case of injury to cranberry vanes. Z 


PLaTE III. 
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PLATE IV. 


STAGES OF THE CRANBERRY GIRDLER. 
B.—Lateral view of last-stage larva, enlarged 
gs on fallen cranberry leaves. (Original.) 


A.—Dorsal view of last-stage larva, enlarged 9 times. 
9 times. C.—Pupa, enlarged 6 times. D.—Eg 
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THE CRANBERRY GIRDLER. 


A.—Adult moth, viewed from side. B.—Adult moth viewed from above. Photographed from life, 
enlarged 9 times. (Original.) 
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COCOONS OF CRANBERRY GIRDLER AND CADDICEWORMS. 


A.—Caddiceworm cases, sometime mistaken for those of the girdler, twice enlarged. Ib.—Types of 
. cocoons of cranberry girdler, twice enlarged. (Original.) 
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TaBLeE II].—Number of eggs per female of the cranberry girdler, Whitesbog, 


N.-J., 1915. 
Pair No. 1: Pair No. 2. Pair No. 3. Pair No. 4. 
Date of deposi- |Number} Date of deposi- | Number | Date of deposi- | Number | Date of deposi- ] Number 
tion. of eggs. tion. of eggs. tion. of eggs. tion. of eggs. 
June 9y/s2L1594..2 COM Alto Waveya Lie eg 1 | May 22.2.2... 79. | July 24.......- 55 
Sune 10... 2.2.2... 98 | June 2......... 1a Many 23 Sees eee. 103 | July 25:..22... 8 
June 1l.2-...2.... 30 | June 3......... 1 | May 24........ H 0 | July 26........ 78 
June 12... 2..,.. 12 | June4......... 6 | May 25 and 26 RY fr 00 a) 21 
June 132553. (.0. 14 | June 5.:..-..-- 17 | May 27.....-.. 9 | July 28........ 49 
June 6....-.-.- 59} May 28.....--. 12 | July 29........ 3 
A iv b 0X: 7 75 July 30........ 17 
July, Slee esses 12 
161 : 160 235 243 


The greatest number of eggs laid in a single day by one female 
was 103, and the greatest number laid during the life of a given 
female was 243. The length of the egg stage varies with the season, 
those eggs deposited in May requiring a longer incubation period 
than do those laid in July, as shown in Table III. 


TABLE Ill.—Length of the egg stage of the cranberry girdler, Pemberton and 
Whitesbog, N. J., 1915. 


Date of deposition. | Date of hatching. Date. of Date of deposition. | Date of hatching. eee 
Days. Days. 

WiGh7 Pal emaeeaieae a 18 Sac 
Maye 22's city Rach 17 6 
Maya2aicceene se so 16 i 

DOM gecjoeckto8 18 7 
Mayc2Gn enters 16 8 
AMINO Es ee. 18 7 
UIUC TNO se 7 6 
dune ge ek 8 6 
VUNGM IE een ess u 6 
My po Ae ee 8 


Average length of the egg stage, 9.63 days. 


LARVA STAGE. 


The larva leaves the egg through a hole which it cuts in the apex, 
or slightly to one side of the apex, and emerges as soon as the aper- 
ture is large enough to permit the passage of the head, crawling 
rapidly out and appearing very active at this period. In small cans 
the larvee were fed fine cranberry roots, the bark and wood feeding 
habit being acquired apparently during later life. As remarked by 
Ainslie (12), some species of Crambinae defy all attempts to rear 
the larvee, and C, hortuellus falls into this class in the experience of 
the writer. 

88633 °—Bull. 554—17——2 
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Investigations conducted in this region demonstrated beyond doubt 
that there is only one generation annually. Field records kept on a 
number of badly infested bogs throughout the entire season showed 
only a single flight of moths from about June 10 to mid-July, after 
which there was no further evidence of moths until the following 
year. This was also demonstrated in a mosquito-bar cage covering 
2.4 square rods, from which moths issued from June 10 to July 8, 
and although oviposition occurred in the cage, none of the larvee 
pupated during that season. 

Larvee are rarely found in wet situations or in places where a lack 
of drainage is materially affecting the productiveness and health of 
the vines. 

The drier locations, such as knolls, the high margins of the bogs, 
and well-drained areas having a considerable quantity of fallen 
leaves and trash under the vines are the places injuriously infested. 
The character of the soil is not so important a limiting factor as the 
drainage. Severe injury occurs on mud and peat bottoms as well as 
on savannas, provided a good layer of trash is present and the land 
is well drained. 

Larve are never found feeding in exposed positions, but always 
buried beneath more or less trash. When exposed to the light, as 
when trash is turned over, they usually are found in a curved 
position and motionless. After a period of about 10 seconds the 
larvee will start crawling rapidly for cover, and it is at this time 
that they are most easily detected. ‘The trashy nature of the infested 
situations also renders their location difficult. Many growers have 
failed utterly to locate the larve, although the vines may have shown 
injury of an extreme type. 

The amount of damage done by the cranberry girdler seems out 
of all proportion to the number of larve to be found in a given 
location. In one instance, however, the writer found 380 cocoons 
containing larvee and 1 naked larva in an area of about 4 square feet. 

What appears to be the most important point in the seasonal 
history of this pest from the standpoint of its control is the period 
when cocoon making begins. The few publications available on the 
seasonal history of the cranberry girdler present various statements 
regarding the time of cocooning. Some writers have placed the 
period as late as November, and others have indicated this period as 
beginning at varying dates in September and October. Realizing 
the importance of knowing more definitely when cocooning com- 
menced, the writer has made collections of larve and cocoons in the 
fall, and from these data it may be stated for New Jersey condi- 
tions that some larve form cocoons in late September and the ma- 
jority in early October. Records obtained from bogs in different — 
localities are shown in Table IV. 
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TasBLeE 1V.—Cocooning records of the cranberry girdler in New Jersey, 1915. 


Number | Number Number | Number 
Date. oflarvein| of naked Date. oflarveein| of naked 

cocoons. | larve. cocoons. | larve. 
WLS T LN eda OSS e ees a enete ma 0 PALI KO Xe aa tates Vis elses A RAN ES oe 9 1 
Sept ae oe Soo 0 DUNK ONC a1) Ges se 8 ee etat Sah os camera ee cs 1 
PS] O tbs ess aes nis OG e Eee 0 OCT ee Se ee lg 37 1 
OCR ees 3 LINE O CHET eae no CaN 1 0 
GO CENA Ne ae See st ba 0 2: PINIOWAR IER Aas cians atte 26 0 


The foregoing figures, obtained under actual bog conditions, show 
that cocoons were first found October 1, although search was not 
made for them between September 19 and that date. Naked larve 
were abundant on October 1, but this condition soon changed, and 
by the 5th of October larve in cocoons outnumbered the naked ones. 

After making the cocoon, the larva lies dormant within until 
spring of the following year, at which time pupation occurs. Larvee 
in cocoons are able successfully to withstand the usual winter flow- 
age, which is applied, as a rule, in December and held until the fol- 
lowing April or May. Some few are able to withstand a flowage 
lasting until July, although an infestation is always greatly reduced 
by such late holding. | 

The cocoon is not impervious to water and, in fact, becomes filled 
with water about three days after submergence. After 24 hours’ 
submergence in a solution tinged with red, the inner wall of the 
cocoon was found entirely reddened, with no free water around the 
larve. Similar results were obtained with another cocoon after 48 
hours’ submergence, while at the end of four days three cocoons were 
entirely filled with the solution. 


PUPA STAGE. 


Pupation occurs after the removal of the winter flowage and is de- 
pendent upon the time of this removal. On dry bogs it may occur 
in late April or May, and on winter-flowed bogs it may bé retarded 
by late holding of the flowage until July. No evidence has been 
noted of pupation taking place while the winter flowage was on; 
in fact, the examination of cocoons within a day or two after the 
drawing of the winter flowage showed all such to contain larve. 

After pupation has occurred the bog may be reflowed for several 
days without effecting the death of the pupa. On one occasion a 
pupa in its cocoon was found alive on the bog after submergence for 
between five and six days. 

Pupal records have been difficult to obtain, because the opening 
of the cocoon for purposes of observation is disturbing to the larva 
and is likely to result either in its death or in delaying its transfor- 
mation to the pupa. The records at hand show that the stage lasts, 
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on the average, 21 days. (See Table V.) Under natural bog con- 
ditions, following the drawing of the winter flowage about May 10, 
it is very likely that the pupal period is several days shorter in 
duration than as stated. The pupa is always found with the head 
pointing toward the neck of the cocoon, eventually permitting the 
easy emergence of the moth. 


TABLE V.—Length of pupa stage of the cranberry girdler, Pemberton, N. J., 


1914. 
Date Date 

. No 5 Date of tee of!) 5 < No. Date of Length of 

Experiment hie sea e. xperiment No. | jupation. one stage. 

Days Days. 
1S Sea See een Sas Apr. 281 (CON ae eee ee L Pea SaeeSe- oe soe Apr. 30 BS See 
QUNaE See. See] | ADE 291] May 11 LQ TO4. ATE she May ‘2! @G@jOgy dere 
BSc oc ehe eo saleee : May 15 Utes) lee Soeaeceneee seeone 3-00. aoe “May 18 16 
BORE REE a PITT bo Seas May 18 LQ) ||P Q2 see 2A _TESA i dose: ae 3 16 
bY Be setead coon |...d0...-| May . 20 JATS i Biter te eRBee aece May 7 ie 5 29 
Ors ie ee 1...d0..22| May 27 OA! TAS eds 5 25S May 23 | June 13 21 
(CUS RUE Aree nets |...d0....] May 29 BU | aaa ek Aes neeeeen ae May 29) June 17 | 19 
BSc he Aes: | Apr. 30 |..-do..-- DOM PSTGN 2: Ssh eee. TALE SS CMOS Sa. ROARS} 19 

| 
Average days, 21.15. 1 Approximate. _ 2 Died. 


NATURAL ENEMIES. 


Among the parasites there appear to be very few which attack the 
cranberry girdler. No parasites were obtained in the rearing cages, 
but occasionally when opening cocoons the remnants of a parasite 
in one stage or another were found. From such findings two species 
of Ichneumonide were secured. The habit of concealed feeding of 
the girdler larve must be a great protection against parasiticene 
and the winter flowing of the bogs probably also tends to lessen the 
activities of parasites. 

In areas of severe girdler infestation spiders have been found to 
be very abundant as well as have various species of ground bee’ sx. 
Among the ground beetles Harpalus caliginosus Fab. and Anisodac- 
tylus harrisit Lec. have been collected. 

Very often an area of vines infested with girdler larve will be 
invaded by field mice, and the burrows just beneath the surface wil. 
run throughout the entire section. While mice occasionally cut off 
cranberry vines which are in the line of a runway, they should be 
classed as minor pests of the cranberry industry. The work of mice 
may be recognized by the diagonal cut of the severed vine and the 
furrows made across the end by their teeth. It is thought, however, 
that the mice search for girdler larve and are instrumental in reduc- 
ing large infestations. They nest in roundish houses built of grasses 
above the level of winter flowage. 

Among the birds which prey on insects the swallows are perhaps 
the most useful in capturing girdler moths. At Howardville, N. J., 
a swallow followed the writer the length of one of the bogs, and as 
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the moths, frightened from the vines, rose into the air the swallow 
darted for them and captured many. 

At present, natural enemies do not appear to be potent factors in 
the control of the girdler on cranberry bogs. 


REMEDIAL MEASURES. 


Under the heading of remedies fall such methods of treatment as 
spraying, the use of repellents, burning, trap lights, flooding, and 
sanding. Of these measures, flooding and sanding have given the 
best satisfaction, as indicated by the work conducted in New Jersey. 


SPRAYING. 


Owing to the habit of the larve of feeding on roots and runners 
under cover of the trash beneath the vines, there seems to be no hope 
of developing a method of combating them in which reliance can be 
placed on spraying. In addition to the trash which hides the larvae, 
the dense mat of vines covering the bog prevents a large portion of 
the spray material from reaching even the trash. 


REPELLENTS. 


Tt has been suggested occasionally by growers that commercial 
fertilizers might act as repellents of the girdlers and at the same 
time stimulate the vine growth. The opportunity to study this 
method of treatment was afforded at Whitesbog, N. J., where fer- 
tilizer experiments on cranberry bogs have been carried on by the 
New Jersey experiment station for a period of four years. No fer- 
tilizer was apphed to the plats the fourth year, owing to the exces- 
sive vine growth produced during the previous three years. Muriate 
of potash has been held by some to afford protection from certain 
insects owing to its repellent action, and four of the plats to which 
this material was applied, along with other ingredients, were kept 
under observation by the writer. The data in Table VI! show the 
fertilizers and the amounts applied on four plats, consisting of one- 
twentieth of an acre each. 


Taste VI.—Haperiment with fertilizers as repellents against the cranberry 
girdler, Whitesbog, N. J., 1915. 


Plat No. Fertilizer tested. Plat No. Fertilizer tested. 


10 pounds muriate of potash, 25 || 29.......... 10 pounds muriate of potash, 15 


pounds acid phosphate, 10 pounds 
ammonium sulphate. 

10 pounds muriate of potash, 25 
pounds acid phosphate, 20 pounds 
dried blood. 


pounds phosphate rock, 10 pounds 
ammonium sulphate. 

10 pounds muriate of potash, 15 
pounds steamed bone, 10 pounds 
ammonium sulphate. 


i Wxtracted from Proceedings of the 46th Annual Meeting of the American Cran- 


jerry Growers’ Association. 
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The fertilizers listed in Table VI have been of no avail in repelling 
the girdlers; in fact, these plats in 1916 showed serious injury, as 
evidenced by the considerable areas of girdled vines found on them. 
In general, it may be said that the use of fertilizers tends to make 
conditions more favorable for girdler infestation by increasing the 
amount of vine and foliage production and thus in direct propor- 
tion increasing the trash on the ground beneath the vines. This, 
however, should not deter anyone from using fertilizers on cranberry 
bogs where the vines need stimulation, but should be taken as a cau- 
tion that girdler infestation is likely to follow a heavy production of 
vines, particularly on well-drained land. 

In a test to determine the repellent value of certain materials a 
lumpy and granular residue, said to be a by-product of a gasworks, 
was applied to an infested piece of land by broadcasting at the rate 
of 650 pounds per acre. The larve were not repelled and were as 
abundant at the time of cocooning on the treated plat as on the 
adjacent untreated plats. 

; BURNING. 


Burning infested areas has been recommended in the past and occa- 
sionally has been resorted to by growers. When a bog is burned over | 
(Pl. VIL), a large quantity of the trash remains unconsumed on the 
bog floor, but it is probable that the heat generated is great enough 
to kill the larve, naked or in cocoons, that may have been buried in 
this débris. Other methods of controlling the girdler have. been 
devised which do not entail destruction of the vines by burning, and 
the practice therefore is not recommended. 


TRAP LIGHTS. | 


- Capturing the moths by trapping with lights was tried for two 
seasons with very unsatisfactory results. On one occasion four 
moths were captured at a stationary hight in the course of a night. 
The tests with lights were made in the height of the flying season, 
and the results showed conclusively that the moths are not attracted 
to lights in sufficient numbers to warrant employing this method of 
capture. 
LATE HOLDING OF THE WINTER FLOWAGE. 


By late holding of the winter flowage is meant maintaining the 
winter head of water over the vines from the time it is applied in 
December or thereabouts until some time between July 1 and August 
1. Holding the flowage until July 1 does not always satisfactorily 
destroy girdler infestations, but if the head is maintained until 
July 15 much better results are obtained. Occasionally a grower is 
met who has kept the water on the bog until August 1, and, while 
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this treatment is very satisfactory from the standpoint of destroying 
the girdlers, it may result in a very poor bud formation and a light 
crop of berries the following year. Some of those who have tried 
holding the flowage until mid-July have reported that the crop 
the year following yielded an increase of 100 per cent over a normal 
one, showing that this treatment may be used without monetary loss, 
provided frosts, which may destroy part of the prospective double 
crop, are not encountered in the cropping year. 

Holding the flowage until July 14 or later results in the loss of 
the current year’s crop, but this procedure is good practice where the 
girdler infestation is severe and perhaps complicated by an infesta- 
tion of the blackhead fireworm (vhopobota vacciniana Pack.). 
Considerable expense is saved the grower by allowing the bog to 
go one year without a crop, and the treatment always results in 
producing a cleaner bog, especially if the one so handled has been 
invested by grass and weeds. 

June 18 is the latest date, in the knowledge of the writer, to which 
the winter flood can be held and a good crop secured the same 
season. This was accomplished on a deep-flowed bog of Early 
Black vines near Pemberton, N. J. 

In the event of holding the winter flowage until July 15, or a 
little later, successful control of the girdler will be secured, but not 
extermination. A few of the insects will escape even this treatment, 
and at the end of three or four years the infestation again may be 
severe. ‘The mistake made by many growers is in permitting the 
injury to assume large proportions before attempting control. The 
first signs of girdler injury should be noted and the remedy applied 
before the pest gains headway and large areas of vines are destroyed. 
The presence of large numbers of the moths on a bog in June and 
July should serve as a warning that the vines are in a fair way of 


being severely damaged. 
FALL FLOODING. 


Fall flooding affords the most satisfactory control of the girdler, and 
will result in practical extermination of the pest until reinfestation 
comes from the upland or other bogs, if it is applied at the proper time. 
As shown in the study of the seasonal history, the larve make co- 
coons in the fall, and if the fall flowage is applied after the cocoon 
is formed, the larva within will not be injured, even though this 
flowage lasts two weeks or more. However, if the flowage is applied 
before cocoon making begins, the naked larve will be killed certainly 
in a week, and it is probable that five days is ample time for sub- 
-mergence, although some growers prefer to hold the flowage two 
weeks to insure a thorough treatment. 

For New Jersey, cocoon making begins in a large way the first 
week in October, and it is therefore essential to reflow the bog dur- 
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ing the latter part of September. If the bog is vined with a variety 
of early berries it will not be difficult to have them picked early so 
that flooding can be done at the proper time. With late berries, such 
as Howes, this treatment is not in vogue and some other remedy must 
be attempted. It is of course essential to have sufficient water in 
storage to accomplish the fall flooding, and a lack of storage water 
at this season of the year is the stumbling block which limits the 
practice of fall flooding to a very few of the New Jersey bogs. 

If the fall flowage is applied later than the first week in October 
most of the worms will not be killed, as is shown in the following 
notes made on a bog at Mays Landing, N. J.: On October 15 the 
bog was examined and was found to have been severely damaged. 
A search for larve and cocoons was made, and 30 larve in cocoons 
and one naked larva were secured. The flowage was put on October 
22 and held until November 8, a period of 17 days. On November 
17 another examination was made, and 26 live larve and 1 dead 
larva in cocoons were collected. This treatment was therefore en- 
tirely unsatisfactory. 

At Pemberton, N. J., a newly infested bog was flooded from Sep- 
tember 19 to October 3, a period of 14 days, with the result that the 
following season no further dying of the vines occurred and no flight 
of moths was observed. This indicated very successful control. 

Fall flooding immediately after picking the crop, whether this be 
early or late, is a treatment to be commended, even though girdlers 
are not present, since it helps in the control of the yellow- 
headed fireworm (Peronea minuta Rob.), the red-striped fireworm 
(Gelechia trialbamaculella Cham.), the toad bug (Phylloscelis atra 
Germ.), the blossom worm (piglaea apiata Grote), and other in- 
sects of minor importance. 


SPRING FLOODING. 


Wherever opportunity offered, examinations were made of bogs 
after the reflowage had been removed in the spring, to determine if 
flooding during the pupa stage for various lengths of time had 
killed the pupe. In the season of 1915 a bog from which the winter 
flowage had been drawn on May 10 was reflowed June 9, and a cer- 
tain area, known to be infested, was watched to ascertain the number 
of hours it was covered by the flowage. This period proved to be 
24 hours, and soon afterward two cocoons, each of which contained 
a live pupa, were found upon the bog. Moths issued from these 
pupe on June 15 and June 19. From another area on the same 
bog, which had been submerged about 80 hours, 11 cocoons were 
collected, and these yielded 10 pupa. Moths issued from these pupze 
as follows: June 14, three; June 15, two; June 16, one; June 17, 
three. 


, 
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During the season of 1916 a bog was observed which had the fol- 
lowing history: The winter flowage was drawn off on April 9. The 
first reflow lasted 54 days on the girdler-infested area, or from 
May 12 to May 18. The second reflow was held 36 hours, dating 
from May 31, and the third reflow was removed at the end of 18 
hours, on June 9. On June 12, three days later, girdler moths were 
found flying over the infested area, and since no other infestation 
existed near by, this was ample evidence that the three reflowings 
had not destroyed the immature stages. 

On one occasion a live pupa was collected in its cocoon where 
the reflow had lasted 54 days. The winter flowage had been drawn 
May 10, and the reflowing occurred from June 9 to June 15. Two 
weeks later girdler moths were very abundant on this area. These 
records indicate that spring reflows occurring during or near the 
pupa period and when held for periods lasting as long as 54 days 
do not give control of the girdler. 


SANDING. 


There has been considerable hostility to the practice of sanding 
cranberry bogs by some of the New Jersey growers, due largely, it 
seems, to the fear of increasing the fungous troubles of this fruit. 
On the other hand, there are a few growers who, while not con- 
sistent “ sanders,” are greatly in favor of the practice although little, 
if any, experimental work has been performed in New Jersey to 
determine whether or not the losses due to fungous diseases have 
increased on sanded areas. It has long been customary in Massa- 
chusetts to sand the bogs, and such treatment has a well-recognized 
value in the control of certain cranberry insects, notably the cran- 
berry tipworm (Dasyneura vacciniti Smith) and the cranberry 
girdler. 

Sand should be spread on the bog in the fall, winter, or early 
spring, preferably in late fall so as to have it become well settled 
around the vines by the winter flowage. Occasionally, during cold 
weather, sand may be spread on the ice, resulting, when thawing 
ensues, in an even covering of the ground. For girdler infesta- 
tions a layer of sand not less than 1 inch in thickness is required, 
and it will be found far better on most New Jersey bogs that 
have not been sanded previously to apply a coat nearer 2 inches in 
thickness. The sand is of value in several ways: First, if the coat 
is sufficiently thick it prevents the emergence of the moths; and, 
second, it covers the trash on the bog floor, producing clean condi- 
tions unfavorable for girdler infestation. In locations where girdler 
injury has already occurred it covers the injured vines, causing 
them to throw out new roots, and invigorating them to such an ex- 
tent that recovery is rapid. 
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For those who undertake the sanding method of controlling 
girdlers it should be borne in mind that there is some risk, attendant 
upon this practice, of increasing the fungous troubles of the fruit, 
and one should be prepared to spray sanded bogs with a fungicide 
such as Bordeaux mixture. 

Experimental work is not altogether conclusive as to the thickness 
of the coat of sand which will prevent emergence of the moths from 
cocoons. Franklin (11, p. 19) found that an even covering of sand 
1 inch in thickness effectually prevented moth emergence in small 
cages, while the writer’s data, obtained in a mosquito-bar cage 
placed on a cranberry bog, lead him to conclude that an even coat, 
1 inch in thickness, will not be obtained by the grower in the actual 
practice of sanding and that considerable numbers of moths will 
emerge through the sand. 

The sanding experiment performed at Whitesbog, N. J., was 
essentially as follows: Three plats were laid off where the vines 
showed severe injury and where, in fact, they had been killed over 
a considerable extent. Two of the plats were sanded fairly evenly 
on November 23, 1914, the depth varying from an inch to an inch 
and a half. The winter flowage was put on in December and re- 
moved May 8, 1915. The same day three cocoons were removed © 
from beneath the sand in plat 2, and on May 10 two cocoons were 
dug out, all of which contained live larve. A tight mosquito-bar 
cage (Pl. II, B) was built over the three plats a few days later, 
and emergence of moths was first noted June 10, 1915. 


TABLE VIl.—Emergence of moths of the cranberry girdler in sanding experi- 
ment at Whitesbog, N. J., 1915. 


Number of moths emerged. 


Date. Plat 1, Plat 2, Plat 3, 
area, 173 area, 248 area, 222 
square feet, |square feet, | square feet, 
sanded. check. sanded. 


Tine LOS eee LOCI IE = NOTSIEES ree Seek . eS Se ee eee ees 4 12, 0 
AiG) Ue Sook Gee Ssce a eaR meee 6 SHaUe paSBopedasaenor soncosdsacdsecnc 7 41 0 
Jemnert2 fet aT SELES. Ue a SSE EL OSES uae cee eres 10 34 1 
PUITIC eee he ae ee REN ee em See Oe Se ener ae 41 64 12 
SATOH EG IS ESESE AE aE A SEER FER. OAC. oS. . A Se See Ee } 18 3 3 
JUG ASR oid. SESE RE SPR RR Re OS SSS as eee eer eee 21 8 9 
JUNC DE 5 Oe See eres Shee oe ee ae 4 1 5 
SET yp ees ere Sete A ere fle Neal ate fea ae eyaten a ee aoe Siena rare ee repeata oye 0 0 1 
JU R354 Be eee eaten abenonad se pe cena aa se ss soe aabesone sacs Setar 1 0 0 

Total® = 32. 34g th 2 I Se . Sees ae. = SEE. a eee - a 106 160 31 


Owing to the distance of the cage from the field laboratory it 
was not practicable to remove and count the moths each day. The 
data show that the greatest number of moths emerged from the un- 
sanded plat, which was also the largest plat, but that 1.55 moths 
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emerged per square foot in the unsanded plat as compared with 
1.61 moths in plat 1, sanded. Plat 3 was known to have a lighter 
infestation than the others when the experiment was started. 

There were one or two places, particularly around a stump, on 
the sanded areas where the sand had washed a little thin during the 
period of winter flowage, but these spots were insignificant in size, 
and the data presented lead to the conclusion that a 1-inch coat of 
sand applied under natural bog conditions with a great deal more 
care than would be given by the average grower is not effectual in 
preventing the emergence of girdler moths from their cocoons. 


RECOMMENDATIONS FOR CONTROL. 


The most effective control measure that the writer has seen ap- 
plied for this insect is the fall flooding immediately after picking 
the crop, when this operation can be completed in time to apply the 
water before the last of September. This treatment is effective, be- 
cause it comes before the worms have spun their cocoons, and a 
reflow lasting not more than a week is undoubtedly of sufficient 
duration to kill all naked girdler larvee. 

If the berries can not be removed from the vines in time to per- 
mit fall flooding before the last of September, or if the water supply 
is insufficient, the next best method of control is to hold the winter 
flowage over the vines until July 20, thereby losing one crop of 
berries, but gaining a clean bog and the possibility of having a crop 
twice the normal in quantity the following year. 

In the event that the foregoing remedies can not be employed, 
recourse may be had to sanding and better cultural methods. It is 
doubtful if a coat of sand less than 14 inches in thickness can be 
relied upon to prevent emergence of the girdler moths and, while 
this is an expensive operation, there are many New Jersey bogs, 
particularly those having peat or mud bottoms, which would be 
benefited greatly by a thorough sanding. A 1-inch coat of sand will 
be found of value for invigorating injured vines and in so far as 
it covers the trash on the bog floor will render conditions less favor- 
able for further infestation by the girdlers. If the fruit produced 
on sanded lands is less sound than it was prior to sanding, this con- 
dition may be corrected to a large extent by spraying with Bordeaux 
mixture in the proper season. 

Pruning, along with sanding, should be practiced, and these meas- 
ures, together with the removal of obnoxious weeds and grasses, con- 
stitute better cultural methods, all of which aid very materially 
in making cranberry vines healthier and freer from damaging 
insects, 
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INTRODUCTION. 


With the joint participation of the Federal Government and 
States in the construction of highways under the Federal aid road 
act of July 11, 1916, it became necessary for the United States Office 
of Public Roads and Rural Engineering to familiarize itself thor- 
oughly with the practice of different States in highway work in 
order to facilitate perfect cooperation. The construction of highways 
may be considered under two main headings: (1) Materials used 
and (2) methods used. The report of this conference has to do with 
the first subject. 

As a result of a canvass of the various States made by circular 
letter in the latter part of 1916, it was ascertained that less than 
one-half of the States had proper facilities for testing materials used 
by them in highway work, and many had no facilities at all. At 
that time a large majority of the States indicated their willingness to 
cooperate with the Office of Public Roads and Rural Engineering 
and, if possible, to send representatives to attend a conference upon 
the subject of materials used in highway work. After the conference 
had been called it was found that many of the States which had 
signified their willingness to cooperate could not send representa- 
tives at the time appointed. However, a widespread interest in the 
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work of the conference was expressed, and numerous requests were 
received for copies of the report of the conference. Under existing 
conditions and the general difficulty of securing representatives from 
all parts of the country to meet at a given point, it is considered 
highly gratifying that 26 representatives from 21 States attended. 

Because it was felt that a sufficient number of permanent organi- 
zations having to do with highway matters now exist, no additional 
permanent organization was contemplated, but the Office of Public 
Roads and Rural Engineering proposes to call other conferences 
from time to time as they may be needed. It is not intended to 
conflict or compete in any way with the permanent organizations, 
and, in fact, it is suggested that the conferences adopt the standards 
of such organizations whenever they are considered reasonably satis- 
factory. 

The purposes of the conference announced in advance were as 
follows: 

(1) To encourage the establishment of well-equipped State high- 
way laboratories. 

(2) To recommend for general adoption standard forms of speci- 
fications for various types of road materials as applied to specific 
uses. 

(3) To recommend for general adoption a comprehensive set of 
standard tests for various types of road materials. 

(4) To recommend for general adoption uniform methods of re- 
porting test results of various types of road materials. 

(5) To recommend for general adoption standard methods of 
sampling and inspecting various types of road materials. 

(6) To outline a plan of cooperative research on the part of the 
States in connection with the value of physical and chemical tests of 
various types of road materials as related to their use. 

(7) To recommend methods whereby the maximum efficiency of 
the laboratory may be developed as well as its maximum usefulness 
to highway engineers. 

It was realized that lack of time would prevent the first conference 
from considering all materials of interest in highway engineering. 
Therefore its attention was confined to recommendations relating to 
specifications, testing, sampling, and reporting tests on those mate- 
rials which are included in this report. It is hoped to cover other 
materials at later conferences. 

In the following report the recommendations of the conference are 
presented in four sections: 

(1) Standard forms of specifications for materials. 

(2) Standard methods of testing materials. 

(8) Standard forms of reporting test results. 

(4) Standard methods of sampling materials. 
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In the standard forms of specifications such tests as are considered 
necessary have been included, but, as a rule, specific test limits have 
not been recommended, owing to recognition of the fact that no one 
set of test limits could cover satisfactorily the wide differences in 
methods of construction, available materials, and local conditions 
peculiar to the various parts of the country. It is expected that 
engineers who adopt the recommended forms of specifications will 
insert such test limits as they consider advisable for any given work. 

Under standard methods of testing references only are given for 
description of tests which are published in readily available form. 
This is also true of the methods of sampling. 


Logan Water Paces, 
Director Office of Public Roads and Rural Engineering. 
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RECOMMENDED STANDARD FORMS OF SPECIFICATIONS FOR 
MATERIALS. 


SPECIFICATION FOR BROKEN STONE FOR WATERBOUND MACADAM. 


The broken stone shall consist of angular fragments of General. 
pee ecu pesallowable) es, , of uniform quality through- 


out, free from thin or elongated pieces, soft or disintegrated stone, 
dirt, or other objectionable matter. 


The stone shall meet the following requirements: eo enieal Prop- 
VERSIE ESCM < COME 1 5 Se ai ii A et ea al Phy aa COS 
(or French coefficient _---.---------- Le COO BES ) 
ESI NOW LH) OB VESIS) 2 21 NINN NERS Sha A BaD TL ec Ope se sk 
GaIRS MEATS CONEY SSS a SSC TEEN MR THO) ee 
IAMS OP ClO Meee ie e not more than ____% 
That portion of the product of the crusher, including the dust Screenings or 


of fracture, which, when tested by means of laboratory screens, ®% -- Stone 


will meet the following requirements: 


Per cent. 

Passing ~_____ “Inch Screen 22 2u 22 >. Pee 100 

Total passing ______ -INChSCreeM ss... Seay eT tosses 
That portion of the product of the crusher which, when tested Top course or 


by means of laboratory screens, will meet the following require- %® -- stone. 


ments: 


Per cent. 
Passing ie." = -inch screen_____-__-.-___. 100 
Total passing ______ -inch screen___------__  ~2_-__ tO s 
Retained on ______ -inch screen____________ 100 
That portion of the product of the crusher which, when tested Bottom course 
by means of laboratory screens, will meet the following require- °F N® -- stone. 
ments: 
Per cent. 
Passing ~_____ -inch screen______.._______~ 100 
Total passing ______ “InehySereen 2. tae ye ORE to 240i ha 
Retained on ______ -inch screen____________ 100 
Stone shall be sampled for quality and size in accordance with ernodes same 
the method described on page ______ , paragraphs —~_____ , of these Peas 
specifications. 
Tests of the physical properties and sizes of the stone shall be Methods of 
made in accordance with the methods described or referred to on  *esting. 
pages ______ of these specifications, tests Nos. ______. 


SPECIFICATION FOR BROKEN STONE FOR BITUMINOUS MACADAM. 


The broken stone shall consist of angular fragments of General. 
thin or elongated pieces, soft or disintegrated stone, dirt, or other 
objectionable matter occurring either free or as a coating on the 
stone. 


* Tests recommended by the conference which it may be desirable to 
omit in some instances, 
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areca prop- The stone shall meet the following requirements: 
Pericent:0f wears 2 ued notmorethan ___.__ 
(or French coefficient______-____ not less thane = 5) 
ST OUSNMESS =n ee ee eee ee ee ae not lessthan  ______ 
SHardness te 0 ae ee ne ee notlessthan —_____ 
+Aipsorptionia) _Aibsaa see Aa ETS not more than ____% 


That portion of the product of the crusher which, when tested 
Chips or Ne. by means of laboratory screens, will meet the following require- 


-- stone. ments: 
Per cent. 
Passing. a= inchuscrecn==2=s=—.-0=— eae 100 
Total passing ~_____ inch“ screens=2 = ss Loe =. 
Retained on ~_____ inch SCreen a= = as as 100 


That portion of the product of the crusher which, when tested 


x Top cores or by means of laboratory screens, will meet the following require- 
0. —— stone. 


ments: 
Per cent. 
Passing ~__-__ inch =Screena eas a 100 
Total passing ______ inch scréen__ eee toes 
Retained on ~_____ inch Ssereen== == aaa 100 


That portion of the product of the crusher which, when tested 


Bottom course by means of laboratory screens, will meet the following require- 
or No. ~~ stene. 


ments: 
Per cent. 

Passing eae inchiscreen== = ee 100 

Totaly passing == 2222 inch, .seréen_. = eee TOS 

Retained on —-____ Inch Screen === as 100 

Stone shall be sampled for quality and size in accordance with 

Method ofsam- the method described on page —~____-~ ; Daragraphs == , of these 

nine specifications. 


Tests of the physical properties and sizes of the stone shall be 
paetheds ef made in accordance with the methods described or referred to on 
e Dages === of these specifications, tests Nos. ______. 


SPECIFICATION FOR BROKEN STONE AGGREGATE FOR LARGE AGGREGATE 
BITUMINOUS CONCRETE. 


General. The broken stone aggregate shall consist of angular fragments of 
__Ginsert types allowable) , of uniform quality throughout, free 
from thin or elongated pieces, soft or disintegrated stone, dirt, or 
other objectionable matter, occurring either free or as a coating 


on the stone. 


ep haleal prep- The stone shall meet the following requirements: 
Per. cent-0L}wear a eee not morethan —-_-.. 
(or French coefficient___________ not Jess*thang ===. ) 
“Hardness = =-=. =o ee EN not less than —____-- 
*TOUGHNCSS < a= ge ee ee ee notlessthan  —--___ 
+Apsorption: "32 See 2. a eee not more than  ____% 
Grading. The broken stone aggregate, when tested by means of laboratory 


screens, Shall meet the following requirements: 


* Tests recommended by the conference, which it may be desirable to 
emit in some instances. 
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4 Per cent. 
Passing (the largest size selected) jnch screen 100 


Passing (the second largest size selected) inch 


screen and retained on (the third largest 


RIZEISCLECEeC) EM GhySCheetiae a jee ects Male een eee ere (HO) es ie oe 


size selected) inch screen____...----_----- eee tOrstees 
IEZATS STR eum Uy (Clara we ca ee Ss 

Stone shall be sampled for quality and grading in accordance Method of sam- 
with the method described on page ______ , paragraphs ______ , of pling. 
these specifications. 

Tests of the physical properties and grading of the stone shall Metheds of 
be made in accordance with the methods described or referred ‘esting. 
to on pages ______ of these specifications, tests Nos. __.___. 


SPECIFICATION FOR COARSE AND FINE AGGREGATE FOR LARGE AGGREGATE 
BITUMINOUS CONCRETE (BROKEN STONE OR SAND). 


BrRoKEN STONE FOR COARSE AGGREGATE. 


The broken stone for coarse aggregate shall consist of angular General. 
BEA eTMeMESTOL) = nsert types allowable) (0 a. , free from thin 


or elongated pieces, soft or disintegrated stone, dirt, or other ob- 
jectionable matter occurring either free or as a coating on the 


stone. 
The stone shall meet the following requirements: pak nasical prop- 
FRET ACE Ole Vie I ie a ee not morethan ____-- 
(or French coefficient___________ not less than ______ .) 
Sf ELEEBNTE CO WSS a a RO not less than  ______ 
HAEROUSMMMESSfewet ues eT tel 2 SL gL not less than ______ 
TF ANVSO NE DUO a RE a a a ale eee not more than ____% 
The broken stone for coarse aggregate, when tested by means Grading. 
of laboratory screens, shall meet the following requirements: 
Per cent. 
Passing (the largest ‘size selected)-inch screen 100 
Passing (the largest size selected) -inch screen 
and retained on ___ (the second largest size 
SIC CECH ein hi: SCreens ee Mee ees Opera 
EES ASST (Comet we ek rn ee Ae ene A 
Stone shall be sampled for quality and grading in accordance ieee eee 


with the method described on page ___-__ , paragraphs ______ ; 
of these specifications. 


* The number and size of screens and sieves may be continued as de- 
Sired by the engineer. For 10-mesh sieve and finer the wording should 
be: Passing ______ mesh sieve and retained on ~-____ mesh sieve --____ 
ig) eee The last requirement should be: Passing ______ inch screen 
(or mesh sieve) not more than (or not less than) —~____-_. 

7 Tests recommended by the conference which it may be desirable to 
Omit in some instances. 

~The number and sizes of screens may be continued as desired by 
the engineer. The last requirement should be: Passing 1/4-inch screen, 
hot more than ______. 
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iat ee of Tests of the physical properties and grading of the stone shall 
; be made in accordance with the methods described or referred 
to on pages —_—22= of these specifications, tests Nos. --_-__. 


BROKEN STONE OR SAND FOR FINE AGGREGATE. 


General. The fine aggregate shall be composed of sound, durable par- 
ticles of stone or sand. The particles shall be free from a coat- 
ing of clay or loam. 


Grading. ‘ The broken stone or sand for fine aggregate, when tested by 
means of laboratory screens and sieves, shall meet the following 
requirements: 

Per cent. 
Passing 1/4-inch screen______ not Jessjthans’ ad (aie seats 

Passing 1/4-inch screen and retained on 
10-mesh *siever 2282252 oN ss ee ee eee foyeeese*) 

Passing 10-mesh and retained on 40-mesh 
Sieve) fadinnsah ebAdiogn: ait. tiioe’ aera toss es 

Passing 40-mesh and retained on 200-mesh 
Sieve?) 22 ee ee toe 
Passing 200-mesh sieve____----_-___ not more than —___.. 
Methods of Stone or sand shall be sampled for grading in accordance with 
pd and the methods described on page _____- , Daragraphs ______ OF 
these specifications, and tests of grading shall be made in ac- 
cordance with the method described or referred to on page _-____ 

of these specifications, test No. _---__. 


SPECIFICATION FOR COARSE AND FINE AGGREGATE FOR TOPEKA TYPE 
BITUMINOUS CONCRETE (BROKEN STONE OR SAND). 


BROKEN STONE FOR COARSE AGGREGATE. 


General. The broken stone for coarse aggregate shall consist of angular 
fragments of (insert types allowable), free from thin or elongated 


pieces, soft or disintegrated stone, dirt, or other objectionable 
matter, occurring either free or as a coating on the stone. 


Physical prop- The stone shall meet the following requirements: 
SUCEe Percent Of sweats waek tia eee not morethan —__--- 
(or French coefficient________._-_- not less than _--___ ) 
TOT MOSS (oo ae cs eee a atl en ea not lessthan —--___ 
*TOUSHNESS (oe ee ee not less than ——-___ 
SA DSOFPUION!- sess eee ee ee ee not more than ____% 
Grading. 


The broken stone for coarse aggregate, when tested by means of 
laboratory screens, shall meet the following requirements: 


Per cent. 
Passing (the largest size selected) inch screen_ 100 


* Tests recommended by the conference, which it may be desirable to 
omit in some instances. 

7 The number and sizes of screens may be continued as desired by the 
engineer. The last requirement should be: Passing 10-mesh sieve, not 
more than —~-., 
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Stone shall be sampled for quality and grading in accordance 
with the method described on page —--~--~ , paragraphs 
of these specifications. 

Tests of the physical properties and grading of the stone shall 
be made in accordance with the methods described on pages ~---__~ 
of these specifications, tests Nos. ~-----_. 


BROKEN STONE OR SAND FOR FINE AGGREGATE. 


The fine aggregate shall be composed of sound, durable parti- 
cles of stone or sand. The particles shall be free from a coating 
of clay or loam. 

The broken stone or sand for fine aggregate, when tested by 
means of laboratory sieves, shall meet the following requirements : 


Per cent. 

Passing 10-mesh sieve____--__- notlessthan = — ~~. 
Passing 10-mesh and retained on 40-mesh 

SG Cee mE Ea Te REE Oy eee 
Passing 40-mesh and retained on 80-mesh 

GUE YC DU Ne SN aie mR eh 
Passing 80-mesh and retained on 200 mesh 

SHINS es SEEN ae) a toe ees 

Passing 200-mesh sieve____________-____--_  __-___ Ores aie 


Stone or sand shall be sampled for grading in accordance with 
the method described’ on page paragraphs ______ Ok 
these specifications, and tests of grading shall be made in accord- 
ance with the method described or referred to on page ______ of 
these specifications, test No. ______. 


Method of sam- 
pling. 


Methods of 
testing. 


General. 


Grading. 


Methods of 
sampling and 
grading. 


SPECIFICATION FOR BROKEN STONE OR GRAVEL FOR COARSE AGGREGATE FOR 


PORTLAND-CEMENT CONCRETE BASE. 


The broken stone or gravel aggregate shall consist of ‘clean, 
hard, tough, durable rock. It shall contain no vegetable or other 
deleterious matter, and shall be free from soft, thin, elongated 
or laminated pieces. 

The broken stone or gravel shall be graded from coarse to fine, 
and when teseted by means of laboratory screens shall meet the 


following requirements: 


Per cent. 

Passing ______ NNT EHYS Cre Tees Ney ees a SE eee ioe 100 
Passing ~_____ inch screen____________ not morethan ______ 
Broken stone or gravel shall be sampled for grading in accord- 
ance with the method described on page ______ , paragraphs ______ 4 


of these specifications, and tests of grading shall be made in 
accordance with the method described or referred to on page 
ieee of these specifications, test No. ______. 


General. 


Grading. 


Methods of 
sampling and 
grading. 


SPECIFICATION FOR BROKEN STONE FOR COARSE AGGREGATE FOR PORTLAND- 


CEMENT CONCRETE WEARING SURFACE. 


The broken stone aggregate shall consist of fragments of clean, 
hard, tough, durable rock. It shall contain no vegetable or other 
deleterious matter, and shall be free from soft, thin, elongated, 
or laminated pieces. 


88979°—17—Bull. 555——2 


General. 
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Physical prop- 
erties. 


Grading. 


Method of sam- 
pling. 


Metheds of 
testing. 


The stone shall meet the following requirement: 
Peri centorwearl sss S28 sees not more than 


(or French coefficient__-__________ not less than 
The broken stone, when tested by means of laboratory screens, 
shall meet the following requirements: 


Per cent. 

IRassing sso = inch Screens = 100 
PASSO eee * inch screen and retained 

0) 1 inch SCGC@C@N 222. So tO 

Passing. inch ;screen_-_not more\than. .. . ) 


Stone shall be sampled for quality and grading in accordance 
with the method described on page _-_-__ ,» paragraphs —______ ; 
of these specifications. 

Tests of the physical properties and grading of the stone shall 
be made in accordance with the methods described or referred to 
on pages ______ of these specifications, tests Nos. --____. 


SPECIFICATION FOR STONE OR GRAVEL SCREENINGS FOR FINE AGGREGATE 


General. 


Physical prop- 
erties. 


Grading. 


Mortar 
strength tests. 


Method of sam- 
pling. 


FOR PORTLAND-CEMENT CONCRETE BASE. 


The screenings shall consist of material obtained by crushing 
hard, durable rock or gravel, all of which shall pass a revolving 
sereen having circular openings three-eighths of an inch in diam- 
eter. They shall-be free from lumps of clay and at the time of 
use from lumps or crusts of hardened material. 

If the screenings are produced from rock, the rock shall meet 
the following requirement: : 

Per centvotswealm. saver aes not more than 
(or French coefficient_____________ not less than 

The screenings shall be well graded from coarse to fine and 
when tested by means of laboratory screens and sieves shall meet 
the following requirements: 


Per cent. 

Passing 4-inch screen_______-__ not less: than see ee 
Passing 20-mesh and retained on 50-mesh 

Si@V@s Js) 2 eS ee eee CO een 

Passing 100-mesh sieve_______ not-more than” 9 


When that portion of the screenings which passes a one-quarter 
inch laboratory screen is mixed with Portland cement in the 
proportions of 1 part of cement to 3 parts of screenings, by weight, 
according to standard methods of making 1:3 mortar briquets, 
the resulting mortar at the age of 7 and 28 days shall have a 
tensile strength of at least ~---__ + per cent of the strength de- 
veloped in the same time by mortar of the same proportions 
made of the same cement and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 7 and 
28 day tests and acceptance based thereupon. Samples tested 
during the progress of the work will be accepted on the basis of 
the 7-day test. 

Stone shall be sampled for quality in accordance with the 
method described on page ~----- , paragraphs —_=-_- , of these 


* It is recommended that a 34-inch screen be specified here. 
+ It is recommended that the minimum strength ratio be 90 per cent 
for this purpose. 
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specifications. Stone or gravel screenings shall be sampled for 
grading in accordance with the method described on page ______ , 
paragraphs ______ , of these specifications. 

Tests of the physical properties of stone shall be made in ac- 
cordance with the method described or referred to on page ______ 
of these specifications, test No, ______. Tests of the grading of 
sereenings shall be made in accordance with the method described 
or referred to on page —---_- of these specifications, test No. 


Methods of 
testing. 


SPECIFICATION FOR COMBINATIONS OF DUSTLESS SCREENINGS AND SAND FOR 
FINE AGGREGATE FOR PORTLAND-CEMENT CONCRETE WEARING SURFACE. 


The fine aggregate may be composed of a combination of dust- 
less screenings and sand, but shall contain not more than ______ * 
per cent, by volume, of dustless screenings. 

The dustless screenings shall consist of material obtained by 
erushing hard, durable rock, or gravel, all of which when dry 
shall pass a revolving screen having circular openings three- 
eighths-inch in diameter. They shall be free from lumps of clay 
and, at the time of use, from lumps or crusts of hardened ma- 
terial. 

The sand shall consist of clean, hard, durable, uncoated par- 
ticles, preferably siliceous, well graded from coarse to fine, and 
free from lumps of clay and all organic matter. 

If the dustless screenings are produced from rock, the rock 
shall meet the following requirement: 

Peracentyofs wearin so not more than  _--~_- 
(or French coefficient_.___-__.___-_ not less than —____ ) 

The dustless screenings shall be well graded from coarse to 
fine, and, when tested by means of laboratory screens and sieves, 
shall meet the following requirements : 


Per cent. 

Passing 1/4-inch screen___2__________ not less than ______ 
Passing 20-mesh and retained on 50-mesh 

SITE AS lg es ean CE ee” SE tore 2c, 

Passing 100-mesh sieve______-____-__ not more than 5 


The mixture of screenings and sand shall contain no particles 
which would not pass a revolving screen having circular openings 
not greater than three-eighths-inch in diameter. When tested by 
means of laboratory screens and sieves it shall meet the follow- 
ing requirements: 


Per cent, 

Passing 1/4-inch screen_______________ not less than ______ 
Passing 20-mesh and retained on 50-mesh 

FSIS Sy Nl ee i top sew ae 

TTotal passing 50-mesh sieve____----__ not more than —_____. 

£Passing 100-mesh sieve_______________ not morethan ______ 

Not more than ______ per cent by weight shall be removed by 


the elutriation test. 


* The figure 50 is recommended. 

7 It is recommended that 25 per cent be specified as the amount per- 
mitted to pass a 50-mesh sieve. 

£It is recommended that 5 per cent be specified ag the quantity per- 
mInitted to pass a 100-mesh sieve. 


General. 


Physical prop- 
erties, dustless 
screenings. 


Grading of 
dustless screen- 
ings. 


Grading of 
mixture. 
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Mortar 
strength test. 


Methods of 


sampling. 


Methods of 
testing. 


General. 


Physical prop- 
erties. 


Dimensions. 


Visual inspec- 
tion, 


When that portion of the combined dustless screenings and 
sand which passes a one-quarter-inch laboratory screen is mixed 
with Portland cement in the proportion of 1 part of cement to 
38 parts of the combination, by weight, according to standard 
methods of making 1:3 mortar briquets, the resulting mortar at 
the age of 7 and 28 days shall have a tensile strength of at least 
arsel prye * per cent of that developed in the same time by mortar 
of the same proportions and consistency, made of the same cement 
and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 
7 and 28-day tests, and acceptance based thereupon. Samples 
tested during the progress of the work will be accepted on the 
basis of the 7-day test. 

Stone shall be sampled for quality in accordance with the 
method described on page ______ , paragraphs _____- , of these 
specifications. Dustless screenings and mixtures of the dustless 
screenings and sand shall be sampled for grading in accordance 


with the method described on page ______ , Daragraphs === , of 
these specifications ; and sand shall be sampled in accordance with 
the method described on page ~_____ , paragraphs —_____ , of these 
specifications. 


Tests of the physical properties of stone shall be made in ac- 
cordance with the method described or referred to on page ______ 
of these specifications, test No. ______. Tests of the grading of 
dustless screenings and of the combination of dustless screenings 
and sand shall be made in accordance with the method described 
or referred to on page _____ of these specifications, test No. _____. 


Notre.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


SPECIFICATION FOR STONE BLOCK. 


sized grain, showing an even distribution of constituent minerals. 
They shall be of uniform quality and texture throughout, and 
free from seams, scales, or disintegrated material. 

Sample blocks shall meet the following requirements: 


Percent) Of Weal= 2 asim eee not more thans=—=—— 

(or French coefficient_____-__-______ not less than —_____ ) 

Hardness... ee eee LO} = 
The blocks shall meet the following requirements: 

Inches. 
length on: tOp 222-2 Ss ee ee ee to 
Width: ‘on: \t0p.- ee ae ee ee Loe eS 
Depth = ee ee eee LO 


The stone block shall be subjected to inspection subsequent to 
delivery at the place of use, prior to and during laying, in order 
to cull out and reject those which fail to conform with the general 


* It is recommended that the strength ratio be 100 per cent for this 
purpose. 
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and dimension clauses and the following requirements of this 
specification.* 

The blocks shall be so dressed that when laid as specified 
measurement of any joint shall show a width of not more than 
Pe: inch for a depth of ______ inches or a width of not more 
than 22 2 inch in any part of the joint. 

The wearing surface of the blocks shall show no depressions 
more than —_____ inch deep, and the edges and corners shall be 
unchipped and unbroken. 

Stone block shall be sampled in accordance with the methods 
described on page ______ , paragraph —_____ , of these specifications, 
and tests of physical properties shall be made in accordance with 
the methods described or referred to on pages —____- of these 
specifications, tests Nos, ______. 


Methods of 
sampling and 
testing. 


SPECIFICATION FOR BROKEN SLAG FOR WATER BOUND MACADAM. 


The broken slag shall consist of angular fragments of 
(insert types allowable) slag, reasonably uniform in density and 
quality, free from metallic iron, thin or elongated pieces, dirt, or 
other objectionable matter. 


The slag shall meet the following requirements: 


Weight per cubic foot__________ not less than ~_-___ pounds. 
FP erRCemMtOfe Wei 2 emptor che MGNI a Uda LOM Lo 
(o7 Hrenech coefiicient 25) 3.50 Es yes Ow oe ) 


That portion of the product of the erusher, including the dust 
of fracture, which, when tested by means of laboratory screens, 


will meet the following requirements: 
Per cent. 
Passing ______ inch screen___~-__----_... 100 


Total passing ______ Inch Scneen. se ey toe 2S 
That portion of the product of the crusher which, when tested 
’ by means of laboratory screens, will meet the following require- 

ments: 


: Per cent. 
Passing _____~ inch screen________-_______ 100 
Total passing ______ inch screen 22. _ a ee { ye ah 
Retained on ______ inch screen____________ 100 


That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 


Per cent. 

Passing ~_____ inch screens. 22222 52 eee 100 
Total passing ~_____ inch Screen =. eae ee TOPs 
Retained on ______ inch screen_____---____ 106 
The slag shall be sampled for quality and size in accordance 
with the method described on page —-___- , paragraphs —_____ » of 


these specifications. 

The tests of the physical properties and sizes of the slag shall 
be made in accordance with the methods described or referred 
to on pages ______ of these specifications, tests Nos. _-____ 6 


* This sentence has been inserted as a matter of editing, in order to 
Make the requirements conform in principle with the specification for 
brick recommended by the conference. 


General. 


Physical prop- 
erties. 


Screenings or 
No. —_ slag. 


Top course or 
No. ~~ slag. 


Bottom course 
er No. —_ slag. 


Method of sam- 
pling. 


Methods of 
testing. 
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SPECIFICATION FOR BROKEN SLAG FOR BITUMINOUS MACADAM. 


General. 


Physical prop- 
erties. 


Chips Cg 
No. —- slag. 


Top course or 
No. —- slag. 


Bottom course 
or No. —- slag. 


Method of sam- 
pling. 


Methods of 
testing. 


The broken slag shall consist of angular fragments of 
__.___... insert types allowable) Slag, reasonably uniform in 
density and quality, free from metallic iron, thin or elongated 
pieces, dirt, or other objectionable matter, occurring either free 
or aS a coating on the slag. 


The slag shall meet the following requirements: 


Weight per cubic foot________ not less than ~_____ pounds. 
Per sCent Of swear sere Resi iynela wishes ae not more than  -_____ 
(or French coefficient_____._______ not less than _____ ) 


That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 


Per cent. 
Passing ~_-___ =In Ch SCLeen =e a> a ee 100 
Total passing ______ -inch“sereen 2 29 ae) ae LO) see = 
Retained on ______ -inch sereen___________ 100 


That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 


Per cent. 
Passing ~~ --_- -inch—-scréen 100 
Total passing ~_--__ -inch -screen2220s23_ hee town ase 
Retained on ______ -inch screen___________ 100 


That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 


Per cent. 

Passing ~~ -_- -inch screen_______________ 100 
Total passing ~_____ =inch) screens 2625. 245) o ees toyed et . 
Retained on —~---__ -inch screan___________ 100 
Slag shall be sampled for quality and size in accordance with 
the method described on page —--___ , paragraphs ______ , of these 


specifications. 

Tests of the physical properties and sizes of the slag shall be 
made in accordance with the methods described or referred to on 
pages ______ of these specifications, tests Nos. --_-__. 


SPECIFICATION FOR BROKEN SLAG AGGREGATE FOR LARGE AGGREGATE 


General. 


Physical prop- 
erties. 


Grading. 


BITUMINOUS CONCRETE. 
The broken slag aggregate shall consist os PSU Erte Cuts of 


quality, free from metallic iron, thin or elongated pieces, dirt, or 
other objectionable matter, occurring either free or as a coating 
on the slag. 

The slag shall meet the following requirements: 


Weight per cubic foot____________ not less than ______ pounds 
Per cent of wear 2s="—-=— ss. eee not more than —_____ 
(or French coefficient_____-_______- not less than —-___ ) 


The broken slag aggregate, when tested by means of laboratory 
screens, shall meet the following requirements: 

Per cent. 

Passing (the largest size selected) inch screen 100 


Receccsccrcccnccceerscssscssssscosccesesesonsss 
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Per cent. 


and retained on (the second largest size 


selected) imch screen__________.__-___-__ _ _---_- oye 


Bize selected) inch) Screen a ee LO 

*Passing, Cf oe ee ee 

Slag shall be sampled for quality and grading in accordance Method of sam- 
with the method described on page —_____ , paragraphs —_____ , of piling. 
these specifications. : 

Tests of the physical properties and grading of the slag shall be _ Methods of 
made in accordance with the methods described or referred to on _ testing. 
pages —_---- of these specifications, tests Nos. ~--___. 


SPECIFICATION FOR BROKEN SLAG FOR COARSE AGGREGATE FOR PORTLAND- 
; CEMENT CONCRETE BASE. 


The broken slag aggregate shall consist of fragments of air-cooled General. 
(insert types allowable) slag, nonglassy in character, which shall 
have been exposed to the weather for a period of at least ______ T 


prior to use. It shall be clean, hard, tough, and durable, free 
from soft, thin, elongated, or laminated pieces, and shall contain 
no vegetable or other deleterious matter. 


The slag shall meet the following requirement : capnrsical Prop- 
Weight per cubic foot___________ not less than —_____ pounds. 
The broken slag aggregate shall be graded from coarse to fine, Grading. 
and when tested by means of laboratory screens shall meet the 
following requirements: 
Per cent. 
Passing ~_____ inchyscreen 2222 — sae 100 
Passing ~_____ inch screen=___________ hot more than — _____ 
The slag shall be sampled for quality and grading in accordance Method of sam- 
with the method described on page ______ , paragraphs ______ Bo pune. 


of these specifications. 
The tests of the physical properties and grading of the slag Methods of 


shall be made in accordance with the methods described or re- 'stins: 
ferred to on pages —_____ of these specifications, tests Nos. ______. 
SPECIFICATION FOR GRANULATED SLAG FOR CUSHION. 

The granulated slag shall consist of clean, sharp, gritty parti- General. 
cles of water-cooled (insert types allowable) slag, all of which shall 
pass a —-____ inch laboratory screen. 

The granulated slag shall be sampled for quality and size in Methods of 
accordance with the method described on page ______ , paragraphs Cranage Sad 


ae , of these specifications; and the tests of its size shall be 
made in accordance with the method described or referred to on 
page _-____ of these specifications, test No. ______. 


* The number and sizes of screens and sieves may be continued as de- 
sired by the engineer. For 10-mesh sieve and finer the wording should be: 
Passing __-___ mesh sieve and retained on —_-___ mesh sieve, ______ to 
= OR The last requirement should be: Passing -~__.___ inch screen 
(or mesh sieve) not more than (or, not less than) ______. 

¢ The conference recommends that the words “‘ one year’ be inserted. 


16 BULLETIN 555, U. S. DEPARTMENT OF AGRICULTURE. 


SPECIFICATION FOR GRAVEL FOR PLAIN GRAVEL ROADS. 


General. The gravel shall be composed of hard, durable rock, of high 
resistance to abrasion,* together with sand and clay or other 
binding material, and shall be free from thin or elongated pieces. 


Grading. 1. For base course: 
(a) The gravel, when tested by means of 
laboratory screens, shall meet the 
following requirements: 


Passing a ~-~___ -inch screen____ 

Total retained on 1/4-inch. screen_ 

(0) The material retained on the 1/4-inch 
screen is Known as coarse aggregate. 

The coarse aggregate, when tested 

by means of a laboratory screen, 

shall meet the following require- 


ment: 
Total retained on ______ -inch 
SCLeEN (Hee eo wAT Gearh hea aia 


(c) The material passing the 1/4-inch 
screen is known as fine aggregate. 
The fine aggregate, when tested by 
means of a laboratory sieve, shall 
meet the following requirement: 


Total passing 200-mesh sieve____ 


2. For wearing course: 
(a) The gravel, when tested by means of 
laboratory screens, Shall meet the 
following requirements: 


Passing ayo ee -inch screen____~ 

Total retained on 1/4-inch screen_ 

(bo) The material retained on the 1/4-inch 
screen is known as coarse aggregate. 

The coarse aggregate, when tested 

by means of a laboratory screen, 

shall meet the following require- 


ment: 
Total retained on -_____ -inch 
Screen! ) gE Ue fadiren a ae haere eb 


(c) The material passing the 1/4-inch 
screen is known as fine aggregate. 
The fine aggregate, when tested by 


Per cent. 

100 

pen Se 1 tot 220) 
pac ey oe a et 
ety Uae Toe 
100 

pase ae Oa : KO eros gw Ey 
pb be tox Sea 


*The conference believes it highly desirable to specify definite test 
limits for the resistance of gravel to abrasion. The only State which 
has so far extensively employed an abrasion test for gravel is Ohio. 
Available test records, therefore, cover only gravels used in that State; 
and it is felt that sufficient data have not been obtained as yet to war- 
tant the use of an abrasion test clause in the gravel specifications of 
other States. The conference recommends that individual States make 
use of the Ohio test for the purpose of establishing limits which may 
be used later in specifying satisfactory gravels which are available for 
their highway work. A description of this test will be found on page 30. 
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Per cent. 
means of a laboratory sieve, shall 
meet the following requirement: 
Total passing 200-mesh sieve___._ ___-__ toOpio2ok 
The gravel shall be sampled for quality and grading in ac- 
cordance with the method described on page ______ , paragraphs 


______, of these specifications; and the grading of the gravel 
shall be determined in accordance with the method described or 
referred to on page ______ of these specifications, test No. ______. 


Methods of 
sampling and 
testing. 


SPECIFICATION FOR GRAVEL AGGREGATE FOR LARGE AGGREGATE BITUMINOUS 


CONCRETE. 


The gravel aggregate shall consist of sound, hard, durable rock, 
of high resistance to abrasion,* and shall contain no particles of 
shale, slate, coal, or other materials which easily disintegrate. 
It shall be free from vegetable or other deleterious matter, and 
shall contain no soft, thin, or elongated pieces. 

The gravel aggregate, when tested by means of laboratory 
screens, shall meet the following requirements: 

Per cent. 

passitieg ucuarzest size.selected)) inch screen= 100 
Relected) inch screen. ee Se toe 
fe eee) CH SCr ee ara ote 

The gravel shall be sampled for quality and grading in accord- 
ance with the method described on page ______ , paragraphs ______ } 
of these specifications; and the grading shall be determined in 
accordance with the method described or referred to on page 
_ Seis of these specifications, test: No. ______. 


General. 


Grading. 


Methods of 
sampling and 
grading. 


SPECIFICATION FOR GRAVEL FOR COARSE AGGREGATE FOR PORTLAND-CEMENT 


CONCRETE WEARING SURFACE. 


The gravel aggregate shall consist of sound, hard, durable rock 
of high resistance to abrasion,* and shall contain no particles of 
shale, slate, coal, or other materials which easily disintegrate. It 
shall be free from vegetable or other deleterious matter, and shall 
contain no soft, thin, or elongated pieces. 


*The conference believes it highly desirable to specify definite test 
' limits for the resistance of gravel to abrasion. The only State which 
has so far extensively employed an abrasion test for gravel is Ohio. 
Available test records, therefore, cover only gravels used in that State, 
and it is felt that sufficient data have not been obtained as yet to war- 
rant the use of an abrasion-test clause in the gravel specifications of 
other States. The conference recommends that individual States make 
use of the Ohio test for the purpose of establishing limits which may 
be used later in specifying satisfactory gravels which are available for 
their highway work. A description of this test will be found on page 30. 

{ The number and sizes of screens and sieves may be continued as 
desired by the engineer. For 10-mesh sieve and finer, the wording should 


be: Passing ~..___ mesh sieve and retained on ~_____ mesh sieve, -_--_- 
Owe ook The last requirement should be: Passing ~_____ inch screen 
(or mesh sieve) not more than (or not less than) ~~~ 4 
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Grading. 


Methods of 
sampling and 
grading. 


The gravel aggregate, when tested by means of laboratory 


screens, shall meet the following requirements: Per cent. 
IPASSin gj eee ImehYscreens fs wee kp 100 
Passing ~_-___ inch screen and retained on 
Yeineh' screen _CistGUD. AOk Pe ie OR aaa ae HO 
Passing 1/4-inch screen______ not'more than’ +) 9") > ees 


The gravel shall be sampled for quality and grading in accordance 
with the method described on page —_____ , paragraphs ______ POE 
these specifications; and the grading shall be determined in ac- 
cordance with the method described or referred to on page ______ 
of these specifications, test No. ______. 


SPECIFICATION FOR SEMIGRAVEL, TOP-SOIL, OR SAND-CLAY AGGREGATE FOR 


Definitions. 


Physical prop- 
erties, coarse ma- 
terial. 


Mechanical an- 
alysis of mate- 
rial passing 10- 
mesh sieve. 


Methods of 
sampling and 
testing. 


ROAD SURFACING. 

The terms clay, silt, sand, and coarse material, used -in this 
specification, are defined as follows:* 

Clay: Material separated by subsidence through water and 
possessing plastic or adhesive properties, generally below 
0.01 mm. diameter. 

Silt: Fine material, other than clay, which passes a 200-mesh 
sieve, generally from 0.07 to 0.01 mm. diameter. 

Sand: Hard material, usually siliceous, which passes a 10- 
mesh sieve and is retained on a 200-mesh sieve, generally 
from 1.85 to 0.07 mm. diameter. 

Coarse material: Hard material of gravelly nature, retained 
on a 10-mesh sieve, i. e., more than 1.85 mm. diameter. 

The coarse material, if any, of the aggregate, shall consist of 
hard, siliceous material, free from feldspar, mica, schist, hardpan, 
or other soft, friable material, in excess of 5 per cent. 

The material which will pass a 10-mesh sieve, when subjected 
to mechanical analysis, shall meet the following requirements: 


Per cent. 

Clays! Yee eS ek EPIST ERO BEER ERR SS rah) tess Loc 8 tO 2222-2 
PST Freee ed Ma AS MSR TERRACES Oe eas 
Total :sand s2¢2 _scraigianeay. picid RO) ees 
Sand retained on 60-mesh sieve____________  ______ UO) es ee 
The material shall be sampled in accordance with the method 
described on pages ______ sbDaragrapns, 2. of these specifica- 
tions; and the mechanical analysis shall be made in accordance 
with the methods described or referred to on page —_____ of these 


specifications, tests Nos. _-----. 


Note.—To cover the range of materials adaptable for road con- 
struction, it is recommended that roads of these types be divided 
into three classes, designated, Hard or Class A, Medium or Class 
B, and Soft or Class C, according to the mechanical analysis of 
the material which is to be specified for use. The limiting per- 
centages of the constituents suggested for the three classes are 
as follows: 


Hard or roger Soft or 
Class A. Class B. Class C. 


: Per cent. | Per cent. | Per cent. 
Clayns FOSS. BRU occ RL oes Bae et 9 to 15 | 15 to 25} 10 to 25 


Silteegs Mee oo ee eR ed: Vat ey ee a ape ried 5 to 15 | 10 to 20} 10 to 20 
Totalisand ..j2ac3 eee oe. ee eee oe 65 to 80 | 60 to 70 | 55 to 80 
Sand retained on 60-mesh sieve. ..........-----.------- 45 to 60 | 30 to 45 | 15 to 30 


* The definitions here given are intended to apply to these terms only 
when used in connection with roads of these types. 
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SPECIFICATION FOR SAND FOR SHEET ASPHALT. 
The sand shall be composed of sound, durable particles, free 
from a coating of clay or loam. 
When tested by means of laboratory sieves, it shall meet the 
following requirements: 


Per cent. 
Passing 10-mesh sieve_____-~_ not less than -__uL. 
Passing 10-mesh and retained on 40-mesh 
SUES) he ep Re RE DB he ey EO ye 
Passing 40-mesh and retained on 80-mesh 
STU ys I ea ee AU NN te mem town iss 
Passing 80-mesh and retained on 200-mesh 
FSIS Sa Na A 8 SO SS a A TA LOCO acaba 
Rassino;/2002:mesh-sieve sco 20 0s Ae ya ou (ova atinieig tes, 
The sand shall be sampled for grading in accordance with 
the method described on page ______ , paragraphs ______ , of these 
specifications; and tests of grading shall be made in accordance 
with the method described or referred to on page —__-__ of these 


specifications, test No. _____-. 


Notre.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


General. 


Grading. 


Methods of 
sampling and 
grading. 


SPECIFICATION FOR SAND FOR FINE AGGREGATE FOR PORTLAND-CEMENT 


CONCRETE BASE. 


The sand shall consist of clean, hard, durable, uncoated par- 
ticles, preferably siliceous, free from lumps of clay and all organic 
matter. 

It shall be well graded from coarse to fine and, when tested by 
means of laboratory screens and sieves, shall meet the follow- 


ing requirements: Per cent. 

Passing 1/4-inch screen__________________ 100 
Passing 20-mesh and retained on 50-mesh 

SIG viewine:: Hairmmnpaieep th Ds scl ay cr 0) oie ie er ey to 4s bes 

*Passing 50-mesh sieve________ not more than — LLL. 

Not more than ______ per cent by weight shall be removed 


by the elutriation test. 

When the sand is mixed with Portland cement in the proportion 
of 1 part of cement to 3 parts of sand, by weight, according to 
standard methods of making 1:3 mortar briquets, the resulting 
mortar at the age of 7 and 28 days shall have a tensile strength 
of at least ______ ¥ per cent of that developed in the same time 
by mortar of the same proportions and consistency, made of the 
same cement and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 
7 and 28-day tests, and acceptance based thereupon. Samples 
tested during the progress of the work will be accepted on the 
basis of the 7-day test. 


*It is recommended that the amount passing the 50-mesh sieve be 
limited to 30 per cent, or less, if practicable. 

7 It is recommended that the minimum strength ratio for this purpose 
be 70 per cent, or greater, if possible under existing conditions; and 
that where sands giving a 70 per cent strength ratio are not available 
the proportion of cement be increased so as to give that percentage. 


General. 


Grading. 


Mortar 
strength test. 
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Methods of 
sampling and 
grading. 


The sand shall be sampled in accordance with the method de- 


scribed on page ______ , paragraphs —_____ , of these specifications ; 
and the grading shall be determined in accordance with the 
methods described or referred to on page ______ of these specifi- 


eations, tests Nos. ------. 


Notre.—It is recommended that volumetric analyses be peed 
by the laboratory to facilitate field control. 


SPECIFICATION FOR SAND FOR FINE AGGREGATE FOR PORTLAND-CEMENT 


General. 


Grading. 


Mortar 
strength test. 


Metheds of 
sampling and 
grading. 


General. 


CONCRETE WEARING SURFACE. 


The sand shall consist of clean, hard, durable, uncoated parti- 
cles, preferably siliceous, free from lumps of clay and all organic 
matter. 

It shall be well graded from coarse to fine, and when tested by 
means of laboratory screens and Sieves shall meet the following 


requirements: Per cent. 
Passing 44-inch screen] 22 22) 2s ee ees 100 
Passing 20-mesh and retained on 50-mesh 
sieve _____ s Bis) 2 ee Se toe 
*Total passing 50-mesh sieve__notmorethan = —_____ 
+Passing 100-mesh sieve_______ not more than} ==) = 
Not more than ______ per cent by weight shall be removed by 


the elutriation test. 

When the sand is mixed with Portland cement in the proportion 
of 1 part of cement to 3 parts of sand, by weight, according to 
standard methods of making 1:3 mortar briquets, the resulting 
mortar at the age of 7 and 28 days shall have a tensile strength 
of at least ______ = per cent of that developed in the same time 
by mortar of the same proportions and consistency, made of the 
same cement and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 7 
and 28 day tests, and acceptance based thereupon. Samples tested 
during the progress of the work will be accepted on the basis of 
the 7-day test. 

The sand shall be sampled in accordance with the method de- 


scribed on page ______ , paragraphs ______ , of these specifications ; 
and the grading shall be determined in accordance with the meth- 
ods described or referred to on page ______ of these specifications, 
tests Nos. _----_- - 


Note.—It is recgnmended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


SPECIFICATION FOR GROUTING SAND. 


The sand shall consist of clean, hard, durable, uncoated par- 
ticles, preferably siliceous, free from lumps of clay and all or- 
ganic matter. 


* It is recommended that 25 per cent be specified as the amount per- 
mitted to pass a 50-mesh sieve, and in localities where practicable that 
a smaller figure be used. 

j It is recommended that 5 per cent be specified as the quantity per- 
mitted to pass. 

tIt is recommended that the strength ratio be 100 per cent for this 
purpose. 
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It shall be well graded from coarse to fine and, when tested 
by means of laboratory screens, shall meet the following re- 
quirements; 


Per cent. 

Passing ______ * mesh sieve____________ not lessthan ______ T 
Passing 100-mesh sieve________________ not morethan —_____ 
Not more than ______ per cent by weight shall be removed by 


the elutriation test. 


When the sand is mixed with Portland cement in the propor- 
tions of 1 part of cement to 3 parts of sand by weight, according 
to standard methods of making 1:3 mortar briquets, the resulting 
mortar at the age of 7 and 28 days shall have a tensile strength 
of at least ______ £ per cent of that developed in the same time 
by mortar of the same proportions and consistency, made of the 
same cement and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 7 
and 28 day tests, and acceptance based thereupon. Samples tested 
during the progress of the work will be accepted on the basis of 
the 7-day test. 

The sand shall be sampled in accordance with the method de- 


scribed on page ______ , paragraphs ______ , of these specifications ; 
and the grading shall be determined in accordance with the 
methods described, or referred to, on page ____-_ of these speci- 


fications, tests Nos. —_____. 


Nore.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


SPECIFICATION FOR SAND FOR CUSHION. 


The sand shall pass a —_____ inch laboratory screen, and not 
less than ___-__ per cent shall pass a 20-mesh sieve. The ma- 
terial removed by the elutriation test, consisting chiefly of clay 
and loam, shall not exceed ____-_ per cent by weight. 

The sand shall be sampled in accordance with the method de- 
seribed on page ______ , paragraphs —_____ , of these specifications ; 
and the grading shall be determined in accordance with the 
methods described, or referred to, on pages ______ of these speci- 


fications, tests Nos. _____-. 


Norre.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate fie!d control. 


SPECIFICATION FOR MINERAL FILLER. 


The mineral filler shall consist of (insert types allowable) 


It shall be free from foreign or other objectionable material and 
when tested by means of laboratory sieves shall meet the follow- 


ing requirements: Per cent. 
Passing ______ “mesh sieves | Sus. Sea OoWe 100 
Rassing) 222 i -mesh sieve____________ not less than ______ 


*It is recommended that a 10-mesh sieve be specified. 

7 Ninety-five per cent is recommended for this purpose. 

¢It is recommended that 65 per cent be the minimum allowable 
Strength ratio, and that in localities where practicable a higher strength 
ratio be specified. 


Grading. 


Mortar 
strength test. 


Methods of 
sampling and 
grading. 


Grading. 


Methods of 
sampling and 
testing. 


General. 
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Methods of 
sampling and 
grading. 


The mineral filler shall be sampled for quality and grading in 


accordance with the method described on page ______ , para- 
STA Wh en , of these specifications; and the grading shall 
be determined in accordance with the method described or re- 
ferred to on page ___-_- of these specifications, test No. ~~ -. 


SPECIFICATION FOR ROAD OILS FOR COLD APPLICATION. 


General. 


Physical and 
chemical proper- 
ties. 


Methods of 
testing. 


General. 


Physical and 
chemical proper- 
ties. 


The road oil shall be homogeneous and free from water. 
It shall meet the following requirements: 


1. Specific gravity 25°/25° C. (77°/77° B.), —----_ [RO wenes Oe 4 
2. Flash point, not less than ______ 2) Oh Ges F.). 
forse 3 ORCS. SEAS) AMS) fore ea -6>\(e5 ees 7 ABS) ESI] 
3. Specific viscosity at _____ WOH MOS 2 SEY) S liste Rane OR ets pn 
4. Loss at 168° C. (325° F.), 5 hours, not more than ______ Jo. 
Corie Bas s TOMER te per cent.*) 
£(a) Float test of residue at 50° ©. (122° F.), 
PSs 0) es sec. 
5. Total bitumen (soluble in carbon disulphide) not less than 
PU LLG per cent. 
6. Per cent of total bitumen insoluble in 86° B. naphtha, 
ee Ove Ee COM wes 


Tests of the physical and chemical properties of the road oil 
shall be made in accordance with the methods described or re- 
ferred to on page ______ of these specifications, tests Nos. ______. 


Notes.—(1) In some instances it may be considered desirable 
to include a requirement for loss at 105° C. (221° F.), in which 
ease the wording should be: Loss at 105° C. (221° F.), 5 hours, 
not less than ______ per cent. 

(2) In some instances it may be considered desirable to in- 


clude a requirement for the percentage of residue of ______ pene- 
tration, in which case the wording should be: Percentage of 
residue of ______ penetration, ______ totes 


(3) In certain cases the inclusion of all the tests listed or noted 
may not be desirable, but it is necessary to use certain combina- 
tions of the tests in order to secure a material suitable for a 
specified purpose. 


SPECIFICATION FOR ROAD OILS FOR HOT APPLICATION. 


The road oil shall be homogeneous, free from water, and shall 
not foam when heated to ______ SGP @kasi bigs SO) 5 
It shall meet the following requirements: 
1. Specific gravity 25°/25° C. (77°/77° F.), ~---__ toe: 


* In cases where the presence of a volatile or light flux is desired the 
second form of the flash-point requirement and of the loss at 163° C. 
requirement should be used; in all other cases the first form of require- 
ment is applicable. 

7 It is recommended that the viscosity determination be made at 
25° C. (77° F.) or 40° C. (104° F.), according to the nature of the 
product desired. 

t+ In case the oil is to be used as a dust layer only, this requirement 
is to be omitted. 
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Lone Rui Ou (Chukar a AE GO) anal ok OF fay Meme, ° F.).*] 
8. Specific viscosity at 100° C. (212°H.) ______ (0) eer 
4, Float test at _____ ra Opry arse iter Spe Ny) 4 as ca eam EOS Bie sec. 
5. Loss at 163° C. (325° F.), 5 hours, not more than _~____. 
per cent. 
(or pubis 1 tiple togidinios per cent.* ) 
(a) Float test of residue 50° C. (122° F.), ~---__ to 
Rina see. 
[or penetration of residue at 25° C. (77° F.), 
100 g., 5 see., ______ £032 Cae ] 
6. Total bitumen (soluble in carbon disulphide) not less than 
eaioh Ls per cent. 
%. Per cent of total bitumen insoluble in 86° B. naphtha, 
ps en to}¢ ene, 


: Methods of 
shall be made in accordance with the methods described or re- _ testing. 


ferred to on page ______ of these spectifications, tests Nos. _____-. 


Norres.—(1) In some instances it may be considered desirable 
to include a requirement for the percentage of residue of ______ 
penetration, in which case the wording should be: Percentage of 
residue of ______ penetration, ______ tov ae per cent. 

(2) In certain cases the inclusion of all the tests listed or noted 
may not be desirable, but it is necessary to use certain combina- 
tions of the tests in order to secure a material suitable for a 
specified purpose. 


SPECIFICATION FOR ASPHALT CEMENTS FOR USE IN BITUMINOUS MACADAM, 
BITUMINOUS CONCRETE AND SHEET ASPHALT, OR AS SEAL COAT OR POURED 
JOINT FILLER. 


The asphalt cement shall be homogeneous, free from water, and General. 
shall not foam when heated to ______ ak a (1 mL) 
It shall meet the following requirements: 
1. Specific gravity 25°/25°C. (77°/77°F.), ----_- TOL e we, Physical and 
2. Flash point, not less than —_---_- [O52 4 pe) Hames aaa 
8. Melting point, .-___ GOR ees SE) Sto wae ere FO Geese oR). 
(or ductility at ______ ee OW Guess ° F.), not less than 
ea Me em (or sa. 2 5 to 22-2 sem) 
4. Penetration at 25° C.t (77° F.), 100 g., 5 see, —---___ 
Oe ees 


* In cases where the presence of a volatile or light flux is desired, the 
second form of the flash-point requirement and of the loss at 163° C. re- 
quirement should be used; in all other cases the first form of requirement 
is applicable. 

7 It is recommended that the float test be made at 32° C. (90° F.) or 
50° C.) (122° F.), according to the nature of the product desired. 

~ In some instances it may be desirable to insert a requirement for 
penetration at the temperatures of 0°C. (82°F.) and 46.1°C. (115°F.) in 
which cases the clauses would read as follows: Penetration at 0°C, 
(32°R.), 200 g., 60 sec, = -_-_ to -_____ ,» or not less than —_-__- 6 
Penetration at 46.1°C. (115°F.), 50 g., 5 sec., ----__ boy Ses hee » Lor not 
More than ~~ ____ ]. 
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Method of test- 
ing. 


General. 


Physical and 
chemical proper- 
ties. 


Methods of 
testing. 


5. Loss at 163° ©. (325° F.), 5 hours, not more than 
per cent. 
(a) Penetration of residue at 25°C. (77°F.), 100 ¢., 5 
sec., not less than ______. 
6. Total bitumen (soluble in carbon disulphide) not less 


eran ees per cent. 

(a) Organic matter insoluble, not more than ______ 
per cent. 

(0) Inorganic matter insoluble, not more than _____~ 
per cent. 
(ORR TEA LOR ee per cent). 


Tests of the physical and chemical properties of the asphalt 
cement shall be made in accordance with the methods described, 
or referred to on page — ---__ of these specifications, tests 
INOS! 212943 c 


NotTres.—(1) In some instances it may be considered desirable 
to include an 86° B. naphtha solubility clause, in which case the 
wording should be: Per cent of total bitumen insoluble in 86° B. 
Map hiphase ewe tones per cent. 

(2) In some instances it may be considered desirable to in- 
clude a fixed carbon requirement, in which case the wording 
should be: Fixed carbon, ~_-___ tO eee per cent. 

(3) In certain cases the inclusion of all the tests listed or noted 
may not be desirable, but it is necessary to use certain combina- 
tions of the tests in order to secure a material suitable for a 
specified purpose. 


SPECIFICATION FOR TARS FOR COLD APPLICATION. 


The tar shall be homogeneous. 
It shall meet the following requirements: 


1, Specific gravity 25¢/25°- ©) (Ge/(G LOM ek 

2. Specific viscosity at 22° C.* (G2 Sak) pee tO =. 
38. Total distillate by weight: 

Ter cent. 

To 170°C: (83899R:). not more’thane 22) eae 

Mo: 2352.04 (45525), not more than)... sae 

To 270° C..( 518° .) ) not more(thans eee 

™o:300°-C.. (bT2°4H.), not more thaniiiwe eae 

(a) Melting point of residue ______ iC ies aii) 

[RO eea eRe S MC mate) 

4. Total bitumen (soluble in carbon disulphide, —---_-~_ to 

a per cent. 


Tests of the physical and chemical properties of the tar shall 
be made in accordance with the methods described, or referred 
to, on page ______ of these specifications, tests Nos. _---__. 


Notes.—(1) In some instances it may be desirable to insert a 
specific gravity of distillate requirement after the melting point 
requirement, in which case the wording should be: (0) Specific 
gravity of total distillate 25°/25° C. (77°/77° F.), ----- 10) ieee Stele 

(2) In some instances it may be considered desirable to insert 
a requirement for solubility in dimethyl sulphate of one or more 
fractions of the distillate. In such cases insert as follows: 
Solubility in dimethyl sulphate of distillate from --____ ZOE 
(PeZevon oe GN) See 0 ioe are Si (Osh (2 tee adel Oe) Ae to, =a per 


*It is recommended that the viscosity determination be made at 
25° C. (77° F.) or 40° C. (104° F.), according to the nature of the 
product desired. 
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SPECIFICATION FOR REFINED TARS FOR USE IN BITUMINOUS MACADAM AND 
BITUMINOUS CONCRETE, OR AS SEAL COAT OR FOR HOT APPLICATION. 


The refined tar shall be homogeneous and free from water. General. , 
It shall meet the following requirements: Physical and, 
iS F A chemical proper- 
1. Specific gravity 25°/25° C. (77°/77° ¥B.), ----__ tne tece! ties. 
2. Float test at ______ sa Oyster: (ay Saibnlage FD) Sadnaaans Owe an es sec. 
3. Total distillate by weight: 
Per cent 
Molin On (238. hi. not morerthamel estes te 
To 235, C..(455: Ei); not more tham 2-290) 
AO BAO? Oh (ExlS> 195), wavorn wavorne) (New 
To 300° C. (572° F.), not more than__________________ ue 
(a) Melting point of residue ______ Sige Obs (bens Jal ° ¥.), to 
ee ee (Ors (eae boelool) 
4. Total ee (soluble in carbon disulphide), —~_____ to 
aces per cent. 
Tests of the physical and chemical properties of the refined tethenee of 
tar shall be made in accordance with the methods described, or 
referred to, on page _____ of these specifications, tests Nos. _____. 


Notrs.—(1) In some instances it may be desirable to insert a 
specifie gravity of distillate requirement after the melting point 
requirement, in which case the wording should be: (06) Specific 
gravity of total distillate, 25°/25° C.) (77°/77° F.), --___ Or aan 

(2) In some instances it may be considered desirable to insert 
a requirement for solubility in dimethyl sulphate of one or more 
fractions of the distillate. In such cases insert as follows: Solu- 
bility in dimethyl sulphate of distillate, from —_____ POd (eae : 
Eyton as COR (Game te: Ha) ese CO tale et per cent. 

(3) In some instances it may be desirable to specify the spec‘fic 
viscosity of the material at the temperature applied. In such 
cases insert as follows: Specific viscosity, _._____ Sl Ohi (slat agit Says 
aoe Ste EO Vs eke, 


SPECIFICATION FOR REFINED TAR FOR USE AS POURED JOINT FILLER. 


The refined tar shall be homogeneous and free from water. General. 
It shall meet the following requirements: 
1, Specific gravity, 25°/25° 0. (77°/77" F.), -—---- fo ee mee, chenieannrenees 
Qe Melting point, 2225.6. (22° ° BR. tome ©. (2 eo Ry) ties: 
3. Total bitumen (soluble in carbon disulphide), ______ to 
se Gpis loess per cent. 
Tests of the physical and chemical properties of the refined tar Methods of 
shall be made in accordance with the methods described or re- testing: 
ferred to on page ______ of these specifications, tests Nos. ______. 


SPECIFICATION FOR PORTLAND CEMENT.} 


(1) Portland cement is the product obtained by finely pulveriz- Definition. 
ing clinker produced by calcining to incipient fusion an intimate 
and properly proportioned mixture of argillaceous and calcareous 
materials, with no additions subsequent to calcination except 
water and calcined or uncalcined gypsum. 


*It is recommended that the float test be made at 32° C. (89.6° F.) 
or 50° C, (122° F.), according to the nature of the product desired. 

j{ Conforming with the report of a joint conference representing the 
United States Government, American Society of Civil Engineers, and the 
American Society for Testing Materials, published in Bureau of Standards 
Circular No. 33, 3d edition, and in the 1916 Standards of the American 
Society for Testing Materials, p. 429, etc., Serial Designation C9-17. 


88979°—17—Bull. 555——4 


96 BULLETIN 555, U. S. DEPARTMENT OF AGRICULTURE, 


Chemical 
limits. 


Specifie grav- 
ity. 


Fineness. 


Soundness. 


Time of set- 
tins. 


Tensile 
strength. 


Packages and 
marking. 


Storage. 


I. CHEMICAL PROPERTIES. 


(2) The following limits shall not be exceeded : 
Per cent. 

OSS: On, ignition=ase 22 a eas ee 4. 00 
Insoluble residue. 22 20a ee eee . 85 
Sulphurie anhydride (SO;)_-______ in ee 
Mascnesia, \(MegO) ie 22 2c Ne eee 


II. PHYSICAL PROPERTIES. 


(3) The specific gravity of cement shall be not less than 3.10.. 
Should the test of cement as received fall below this requirement, 
a second test may be made upon an ignited sample. The specific- 
gravity test will not be made unless specifically ordered. 

(4) The residue on a standard 200-mesh sieve shall not exceed 
22 per cent by weight.* 

(5) A pat of neat cement shall remain firm and hard, and show 
no signs of distortion, cracking, checking, or disintegration in the 
steam test for soundness. 

(6) The cement shall not develop initial set in less than 45 
minutes when the Vicat needle is used, or 60 minutes when the 
Gillmore needle is used. Final set shall be attained within 10 
hours. 

(7) The average tensile strength in pounds per square inch of 
not less than three standard mortar briquets composed of 1 part 
cement and 3 parts standard sand, by weight, shall be equal to or 
higher than the following: 


Tensile 
Age at . strength 
test Storage of briquets. per square 
inch. 
Days. Pounds. 
7 | 1 day in moist air, 6:daysiiniwatert! 2422 22.22. es eee ee 
28 | 1 day in moist air, 27 days in water..................--5..2.2---- 300 


(8) The average tensile strength of standard mortar at 28 
days shall be higher than the strength at 7 days. 


III. PACKAGES, MARKING, AND STORAGE. 


(9) The cement shall be delivered in suitable bags or barrels 
with the brand and name of the manufacturer plainly marked 
thereon, unless shipped in bulk. A bag shall contain 94 pounds 
net. A barrel shall contain 376 pounds net. 

(10) The cement shall be stored in such a manner as to permit 
easy access for proper inspection and identification of each ship- 
ment, and in a suitable weather-tight building which will pro- 
tect the cement from dampness. 


*The United States Government specification requires that on and 
after July 1, 1918, the residue on the 200-mesh sieve shall not exceed 
20 per cent by weight. 
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IV. INSPECTION. 


(11) Every facility shall be provided the purchaser for careful Inspection. 
sampling and inspection at either the mill or at the site of the 
work, aS may be specified by the purchaser. At least 10 days 
from the time of sampling shall be allowed for the completion 
of the 7-day test; and at least 31 days shall be allowed for the 
completion of the 28-day test. The 28-day test shall be waived 
only when specifically ordered.* 


V. REJECTION. 


(12) The cement may be rejected if it fails to meet any of the Rejection. 
requirements of these specifications. 

(13) Cement shall not be rejected on account of failure to meet 
the fineness requirement if upon retest after drying at 100°C. 
(212° F.) for one hour it meets this requirement. 

(14) Cement failing to meet the test for soundness in steam 
may be accepted if it passes a retest using a new sample at any 
time within 28 days thereafter. 

(15) Packages varying more than 5 per cent from the speci- 
fied weight may be rejected; and if the average weight of pack- 
ages in any shipment, as shown by weighing 50 packages taken 
at random, is less than that specified, the entire shipment may 
be rejected. 


The cement shall be sampled in accordance with the method de- Method of sam- 
scribed on page ______ , paragraphs ______ , of these specifications. nee 

The cement shall be tested in accordance with the methods de- Methods of 

: : Peels testing. 
scribed, or referred to, on page —___-_ of these specifications, 
tests Nos. ------. 


SPECIFICATION FOR PORTLAND-CEMENT CONCRETE FOR WEARING SURFACE. 
(SUGGESTED CLAUSES FOR COMPOSITION AND CONSISTENCY.) 


The concrete shall be composed of 1 part of Portland cement Composition. 
aN esses | parts of fine and coarse aggregate, measured sep- 
arately and accurately by volume, and combined in such propor- 
tions as may be directed by the engineer, so as to give concrete 
of the greatest density and strength. The concrete shall be 
mixed in the approximate proportions of 1 part cement, _____- 
parts fine aggregate, and —_____ parts coarse aggregate. In no 
ease shall the parts of fine aggregate be less than ______ + per 
cent nor more than ______ ~ per cent of the total parts by volume 
of fine and coarse aggregate. 
The consistency of concrete should be such that when deposited Consistency. 
it will settle in a flat mass, but will not flow on the subgrade. 
No tamping should be required, and no separation of the mortar 
from the coarse aggregate should occur in handling the concrete 
or in finishing the surface. 


* the conference recommends that in the application of this clause to 
working conditions the cement should not be held ordinarily pending the 
results of the 28-day test, but these tests nevertheless should be made 
invariably. 

} The figure 30 is suggested. 

it The figure 40 is suggested. 
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General. 


Chemical 
properties. 


Physical prop- 
erties. 


Modifications 
in elongation. 


Weight. 


Storage. 


Methods of 
sampling and 
testing. 


General. 


SPECIFICATION FOR STEEL REINFORCING RODS. 


Rods shall be (insert form selected) * 


and (insert method of manu- 


physical requirements. Twisted bars shall be twisted with one 
complete twist in a length not over 12 times the thickness of the 
bar. 

Rods shall meet the following chemical requirements :¢ 


Phosphorus— 
Bessemer, not more than ____§ per cent. 
Open-hearth, not more than ____§ per cent. 


Rods shall meet the following requirements for physical prop- 
erties: 
Tension tests— 


Tensile strength, not less than ____§ pounds per square 
inch. 
Yield point, not less than ____§ pounds per square inch. 
Elongation in 8 inches, not less than ____§ per cent. 
Cold bend test without cracking— 
Thickness or diameter under # inch, ____§°. 
Thickness or diameter ? inch or more ____§°. 


For plain and deformed bars over three-quarters inch in 
thickness or diameter, a deduction of 1 from the percentages of 
elongation specified in the foregoing table shall be made for each 
increase of one-eighth inch in the thickness or diameter - above 
three-fourths inch. 

For plain and deformed bars under seven-sixteenths inch in 
thickness or diameter, a deduction of 1 from the percentages of 
elongation specified in the foregoing table shall be made for each 
decrease of one-sixteenth inch in thickness or diameter below 
seven-sixteenths inch. 

The weight of any lot of bars shall not vary more than 5 per 
cent from the theoretical weight of that lot. 

Steel rods shall be so stored as to prevent the formation of 
rust scales and when used on the work they shall be free from 
dust, dirt, loose rust, paint, oil, or grease. 

Rods shall be sampled in accordance with the methods de- 


seribed on page ______ , paragraphs ______ , of these specifications, 
and tested in accordance with the methods described or referred 
to on pages ______ of these specifications, tests Nos. _.___-. 


SPECIFICATION FOR VITRIFIED PAVING BRICK. 


All brick shall be of a size commercially known as “ vitrified 
block.” They shall be thoroughly annealed, tough and durable, 
regular in size and shape and evenly burned. When broken the 
bricks shall show a dense, stonelike body, free from lime, air 


* Plain, deformed, hot or cold twisted, as may be desired. 

+ Rolled from new billets made by Bessemer or open-hearth process or 
rolled from standard section tee rails, as may be specified. 

t To be applied only to rods rolled from billets. 

§ The values given in American Society for Testing Materials Standards, 
1916, serial designation A15-14, for the particular kind of material de 
sired, are recommended for insertion in this table. 
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pockets, cracks, or marked laminations. J<iln marks shall not 
exceed _____- of an inch, and the wearing surface shall show 
but slight kiln marks. 
Representative samples of the brick shall meet the following 
requirements when subjected to the rattler test: 
Average loss by abrasion on one or more tests, not more 
thany e222 per cent. 
Maximum difference in per cent loss by abrasion when more 
than one representative sample is tested, not more than 


AEE SAS per cent. 
A maximum of three tests will be used as a basis for re- 
jection. 
The bricks shall meet the following requirements: 
Length ______ to ears inches. 
Wildith) 22 e CONE inches. 
Depth, _____-_ TOs ans aed inches. 


Variations among bricks from a single plant shall not exceed 
the following limits: 


Variation in Jength, ______ inch. 
Variation in width, ______ inch. 
Variation in depth, ~-____ inch. 


If the edges of the bricks are rounded, the radius shall not 
exceed ___--. of an inch. 

Only bricks with lugs on one side, raised not less than ______ of 
an inch, nor more than ______ of an inch, shall be used. 

The bricks shall be subjected to inspection subsequent to de- 
livery at the place of use, prior to and during laying, in order 
to cull out and reject upon variations from the general and 
dimensions clauses and upon the following grounds: 

All bricks which are broken through, or chipped in such man- 
ner that neither wearing surface remains substantially intact, 
or in such manner that the lower or bearing surface is reduced 
in area by more than one-fifth. 

All bricks which are cracked to a depth greater than ______ -inch 
on any surface, or which are cracked on the wearing surface. 

All bricks which are so off-size or so misshaped, bent, twisted, 
or kiln-marked that they will not form a proper surface or align 
properly with other bricks. 

All bricks which are obviously too soft and too poorly vitrified 
to endure street wear. 

Bricks shall be sampled in accordance with the method de- 


seribed on page ______ of these specifications, and tested in 
accordance with the method described or referred to on page 


Pera hs. of these specifications, test No. _-____: 


Notr.—The committee does not recommend an absorption test 
for general use in specifications. If special conditions make such 
a test necessary, it may be specified. 


Rattler test. 


Dimensions. 


Visual in- 
spection. 


Methods of 
sampling and 
testing. 
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RECOMMENDED STANDARD METHODS OF TESTING MATERIALS. 


TESTS OF PHYSICAL PROPERTIES OF STONE, SLAG, GRAVEL, 
AND SAND. 


(1) ABRASION TEST (PER CENT OF WEAR, OR FRENCH COEFFICIENT OF WEAR), 
STONE, STONE BLOCK, AND Stag: United States Department of Agriculture Bulle- 
tin 347, page 5. 

NotEes.—(a) Attention is directed to the fact that tests of rock and slag 
for abrasion by the use of the Deval machine are not entirely satisfactory. 
The formation of a dust cushion in the cylinder partially prevents the abrasion 
of the stone. Sufficient data are not at hand to show the amount of wear when 
this dust cushion is removed after intervals of time. 

(6) It is hoped that laboratories will take up this test with the idea of de- 
veloping a coefficient of wear more nearly representative of the actual resist- 
ance of the stone. 

(c) It is desired to call attention to the fact that two methods of preparing 
the stone or slag are in use—viz, hand breaking and machine breaking, and 
furthermore to recommend that arrangements be made between States for con- 
ducting check tests for abrasion on portions of the same sample. 

(d) In testing light stone and light slag, it is recommended that some stand- 
ard volume be substituted for the standard weight of 5,000 grams. 

(e) In the case of stone block it is recommended that the laboratories co- 
operate to devise new methods of testing stone block to determine their suita- 
bility for pavements. 

(2) ABRASION TEST, SUGGESTED FOR GRAVEL: 

The aggregate is screened first through screens having circular openings 2 
inches, 1 inch, and 4 inch in diameter. The sizes used for this test are divided 
equally between those passing the 2-inch and retained on the 1-inch- screen, 
and those passing the 1-inch and retained on the 4-inch screen. The material 
of these sizes is washed and dried. The following weights of the dried stone 
are then taken: 2,500 grams of the size passing the 2-inch and retained on 
the 1-inch screen, and 2,500 grams of the size passing the 1-inch and retained 
on the 4-inch screen. This material is placed in the cast-iron cylinder of the 
Deval machine as specified for the standard abrasion test on stone. Briefly de- 
scribed, this machine consists of a frame and two or more cylinders mounted 
at an angle of 30° with the axis of rotation. The cylinders are of the following 
size: 20 cm. diameter by 34 cm. deep, inside dimensions. Six cast-iron spheres 
1.875 inches in diameter and weighing approximately 0.95 pound (0.45 kg.) 
each, are placed in the cylinder as an abrasive charge. The iron composing these 
spheres, which are the same as those used in the standard paving brick rattler 
test, has the following limits of composition: 


Combined carbon, not under 2.50 per cent. 
Graphitic carbon, not over 0.25 per cent. 
Silicon, not over 1.00 per cent. 
Manganese, not over 0.50 per cent. 
Phosphorus, not over 0.25 per cent. 
Sulphur, not over 0.08 per cent. 


After the cast-iron spheres have been placed in the cylinder the lid is bolted 
on and the cylinder mounted in the frame of the Deval machine. The dura- 
tion of the test and the rate of rotation are the same as specified for the stand- 
ard test for stone, namely, 10,000 revolutions at a rate of 30 to 33 revolutions 
per minute. At the completion of the test the material is taken out and 
sereened through a 16 mesh sieve. The material retained upon the sieve is 
washed and dried and the per cent loss by abrasion of the material passing 
the 16 mesh sieve calculated. 
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When the material has a specific gravity below 2.20 a total weight of 4,000 
grams instead of 5,000 grams shall be used in the abrasion test. 

(3) TouGHNESS TEST, STONE: United States Department of Agriculture Bulle- 
tin 347, page 15. 

(4) HarpNness Test, STONE AND STONE Brock: United States Department of 
Agriculture Bulletin 347, page 10. : 

(5) Spectrrc GRAVITY AND ABSORPTION TESTS, STONE: 

The apparent specific gravity is obtained by weighing the water displaced 
by a sample of the material weighing approximately 1,000 grams, broken into 
pieces about 13 inches in diameter. (The vessel used is shown in figure 1.) 


*2!Galvanized 
lron 


Note: Notch is filed across 
lower end of spout ,/é (2) 


to prevent drip.—-- SS 


2 brass pipe,Zz long 


800 cc 
beaker 


Wa Aree lugs eaereden| 
bottom symmetrically. 


Fie. 1.—Vessel used in making specific-gravity and absorption tests. 


It consists of a galvanized-iron cylinder closed at one end, and measuring 
9 inches in diameter by 8 inches high. A brass spout 4 inch in diameter is 
soldered into the side of the cylinder, 6 inches from the bottom. The spout 
is inclined at an angle of 2° with the horizontal and is 23 inches long. A 
notch is filed across its lower end, aS shown, to stop the drip from the dis- 
placed water. In determining the specific gravity, the dried and cooled 
sample is weighed to the nearest 0.5 gram and immersed in water for 24 
hours. The pieces are then individually surface-dried with a towel, the sample 
reweighed, and immediately placed in the cylinder, which has been previously 
filled to overflowing with water at room temperature. 

The weight of water displaced by the sample is used to calculate its apparent 
specific gravity. 


1It is recommended that the laboratories cooperate with the view of devising an im- 
proved method for the determination of the hardness of rock, especially in regard to the 
character of the abrasive used. 
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The difference between the original weight of the sample and its weight 
after 24 hours immersion is used to determine the absorption. 

(6) WEIGHT PER CuBIC Foot TEST, STAG: 

The dried slag shall be shaken to refusal in a cubic-foot measure or other 
Suitable container, and its weight determined. 


(7) Mortrar-STRENGTH TEST, SCREENINGS AND Sanp: A. S. T. M. Standard test 
C9-17. 


SIZE, GRADING, OR MECHANICAL ANALYSIS OF STONE, SLAG, 
GRAVEL, SAND. 


(8) TEST OF SIZE OR GRADING OF COARSE AGGREGATE, STONE, SLAG, AND GRAVEL: 


A sample of the material weighing not less than fifty (50) times the weight 
of the largest size stone present is to be used. After drying at not over 110°C. 
(280°F.) to constant weight the sample is passed through such of the following 
size screens, having circular openings, as are required or called for by the speci- 
fications, screens to be used in the order na:ied: 84-inch, 3-inch, 24-inch, 
2-inch, 14-inch, 1-inch, #-inch, 4-inch, and #4-inch. 

The percentage by weight, retained on each screen, is determined and the 
mechanical analysis is recorded in the following manner: 


Per cent. 

Passing 34-inch screen and retained on 38-inch screen___________________ ees 
Passing 3-inch screen and retained on 24-inch screen______________ Bone 
Passing 24-inch screen and retained on 2-inch screen___-_______________ aoe 
Passing 4-inch screen and retained on i-inch screen_____________________ yee 
Passinesdinehescreen 4 42. a2 ee eee eee peers 
100 


(9) WaAsHING TEST AND MECHANICAL ANALYSIS, ROAD GRAVEL! 

A sample of the material weighing not less than 50 times the weight of the 
largest size stone present is to be used. After thoroughly drying at 100° GC. 
(212° F.) in a hot-air bath, the sample is cooled, weighed, and placed in a 
shallow pan, covered with water, and thoroughly agitated by means of a trowel 
for 15 seconds. After 15 seconds sedimentation the water is poured off through 
a 200-mesh sieve, and the operation of agitation, sedimentation, and decantation 
repeated until the wash water is approximately clear after 15 seconds. The 
washed material, together with any residue retained on the 200-mesh sieve, is 
then dried to constant weight, cooled and weighed and passed through such of 
the following size screens and sieves as are called for in the specification, using 
them in the order named. 

Screens (circular openings) : 3-inch, 24-inch, 2-inch, 14-inch, 1-inch, #?-inch, 
34-inch, and 43-inch. 

Sieves A. S. T. M. standard method D7-16 (square mesh) : 10, 20, 30, 40, 50, 
60, 80, 100, and 200 meshes per linear inch. 

The percentage by weight retained on each screen or sieve and based on the 
weight of the original sample is calculated, using for the determination of the 
percentage of material passing the 200-mesh sieve the sum of the weights of 
material passing this sieve by analysis and by washing. 


(10) ExutriatTion TEST, SAND OR FINE AGGREGATE: 

The entire sample is moistened and thoroughly mixed, and a sample weigh- 
ing approximately 105* grams is obtained for elutriation and grading by 
quartering or by selecting small portions from various parts of a flat pile. 
The sample is then dried at not over 110° C. (230° F.). This dried sample 
is accurately weighted and placed in a 500-ce.1 beaker, and about 350 cc.* of 
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water is added and agitated in such manner that no whirling results. After 
settling for 20 seconds the water is poured off through a 200-mesh sieve, and 
the operation of agitation, sedimentation, and decantation repeated until the 
wash water is approximately clear. Particles caught on the 200-mesh sieve 
are then washed back into the washed sample remaining in the beaker. The 
entire washed sample is dried to constant weight and accurately weighed, 
and the 


Original weight — final weight 
Per cent by elutriation=——_¥__—_H—\¥_—. 
Original weight 


(11) MecHanicat ANALYSIS, SAND oR FINE AGGREGATE: 

All of the dried sample remaining after the elutriation test, if such is re- 
quired, is passed successively through the desired screens and sieves, begin- 
ning with either the largest or smallest aS may be convenient. Where an 
elutriation test is not required, a dried sample of the original material is used. 

The percentage by weight, of the unwashed sample retained on each screen 
is determined, and the mechanical analysis is recorded according to one or 
both of the following methods. A screen with j-inch circular openings is 
used, together with square-mesh sieves as specified in A. S. T. M. standard 
method D7-16. 


Per cent. 
Total retained on #-inch screen_______________ pEeLNNS 


Passing 4-inch screen and retained on 10-mesh sieve_______-____- Ms $6 
Passing 10-mesh sieve and retained on 20-mesh sieve___ HOLCEOOM Wigs ti Ries be USN 
Passing 20-mesh sieve and retained on 30-mesh sieve________ My sol erent SG dregs) 
Passing 30-mesh sieve and retained on 40-mesh sieve___________________ Eeeead 
Passing 40-mesh sieve and retained on 50-mesh sieve__________________ my a 
Passing 50-mesh sieve and retained on 80-mesh sieve-__________________ eetee ds 
Passing 80-mesh sieve and retained on 100-mesh sieve_________ == ________ eel 
Passing 100-mesh sieve and retained on 200-mesh sieve__________________ EE 
BassimenZ00=mesihi sieve ze 22s io od te ies I nh IY CE SS as AE 


(A Day alana dansoitssij deel URN ee 100 


Totals passing -.-1nch Screen. 2 oat ie ee Sys iy Dale eA fight Ee 
Mofalgnassine, TO-mesh) Sieve. 222) 24.6 ak ee ag ee py bey ey bh eee i ak oy 
Motalypassine, 20-meEsh Sievek. 6 uc. a es ee ee pea Uh 
otal passine.sO:mesh) Sievers. 00.5 2 | ee eerie Aapcge 
Total passing 40-mesh sieve______-_____-_________________ aN ee 
Motalgpassing, s0-mesh, Sieve. 0 ys a ee en peweiLe 
Total passing 80-mesh sieve________ pi UIE RA drain ps ud Ooo Lint ier otc) Bara garda 
Motalsoassine, LOOmMesh i Sieves si. 22. 2.2 ee i le i ceil 
Mortal passing, 2Z00smesh Sieve 22 io. 5 | on a ee ey pel 
Passing 200-mesh sieve elutriation____________________________________ Avan 


MECHANICAL ANALYSIS AND TESTS OF PHYSICAL PROPERTIES OF 
SEMI-GRAVEL, TOP-SOIL, AND SAND-CLAY AGGREGATES. 


INTRODUCTION BY THE COMMITTEE. 
The committee has been charged with consideration of that large range of 


natural soils and aggregates which lie below the usual classification of gravel, 
and which in the past 10 years have commended themselves to low-cost road 


1If the sand is so coarse that a 100-gram sample is not sufficient, the size of the 
Sample, the container, and the amount of water used may be proportionally increased. 
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surfacing in various sections of the country. The terms sand-clay roads, top- 
soil roads, and semi-gravel roads have come into road literature as designat- 
ing various types of construction that utilize either natural surface soil, or 
subsurface deposits, or artificial mixtures wherein the chief ingredients are 
siliceous sands and natural clays. The abundant distribution of these two soil 
ingredients either separately in deposits or already mixed in many soils and sub- 
strata, bas attracted attention and experiment to an extent which now justifies 
some attempt at classification and more definite statement of specifications and 
methods upon which satisfactory results may be predicated. 

The better known and more expensive road surfacing materials have had the 
benefit of long study and detailed specification as a basis for control of con- 
tract work. But much of the large mileage of the types herein considered 
has been constructed by force account and with comparatively recent study 
of the proper bases and considerations out of which systematic specifications 
and methods could be: formulated. The prospect of Federal-aid contracts in 
various States makes it very desirable that some such standardization should 
now be attempted as a guide to expenditures in those States where such types 
of construction either now prevail or where conditions indicate their desira- 
bility and efficiency in connection with possible Federal-aid projects. 

The present state of knowledge regarding these materials is derived from 
the comparative study of the road history under traffic of such roads and the 
mechanical analyses of the constituent materials. The data secured indicate 
the necessity of classification and tests based upon a more complete separation 
of the ingredients than is usually given in a laboratory analysis. Special 
definitions of the terms “ sand,” ‘‘ silt,’ and “ clay” are required, also a theory 
of their mutual interaction after consolidation. It is believed that the adhesive 
clay, acting as a binder in dry weather and as a stopper to capillary openings 
by swelling in wet weather, must be supplemented by the interlocking strength 
of the sand aggregate both in dry and in wet weather to support the weight 
and the wear of the traffic, while the nonadhesive silt gives aid to density and 
water resistance. The proportions and sizes of the sand content are highly 
important for the strength and wearing element. The clay, owing to its ex- 
pansion under wet conditions, should be present in minimum amount consistent 
with sufficient adhesion in dry weather, and the silt should form the inert 
filler for those voids not occupied by the clay. 

The thorough intermixing of the ingredients is a vital factor and a process 
of consolidation which will pack the loose mass from the bottom upward is of 
much consequence. 

A further conception of the action of this class of materials suggests that the 
fine aggregate passing a 10-mesh sieve may be regarded as a mortar capable of 
being used separately to form the road slab or of carrying any amount of 
gravel or coarse aggregate up to the point where a complete gravel road is 
reached with this mortar as its binder. Experience has shown that the addi- 
tion of coarse material retained on a 10-mesh sieve and less than 2 inches in 
size, provided the coarse material is itself present in graded sizes, increases 
the durability of these soil mixtures. Further, the analysis of the fine material 
passing a 10-mesh sieve in the well-known Augusta (Ga.) gravel, which pos- 
sesses excellent binding value, reveals a composition similar to some of the 
best top-soil roads in that State. There is reason to think that the binders in 
washed gravel roads might very well be compounded on the same basis as 
successful soil road mixtures. 

The successful use of these road soil mixtures, whether obtained on the 
surface, as top soils, from substrata, or from artificial mixtures of clay and 
sand, depends primarily on the composition as to size, amount, quality, and 
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uniformity of mixing of the three usual ingredients and upon the adequate 
consolidation of the mass. From the practical standpoint the selection of the 
raw material should not be based on a too narrow analytic figure. The natural 
deposits are of variable composition. A number of samples from a selected 
area close to the work may not conform to a specific percentage, but it is 
usually possible to supplement deficiencies by adding relatively small quan- 
tities of sand or clay, as the case may be, and secure in the mixed roadbed a 
fairly uniform material whose analysis is satisfactory. 

The final acceptance of a material of this class should preferably be based 
on samples taken at specified intervals on the freshly laid and intermixed 
roadbed and at such other points as the inspector may choose where the indica- 
tions are that the mixture is not uniform and satisfactory. 

In the light of the above brief statement the specifications, methods of test, 
methods of sampling, and form of reporting test results on these materials 
will be more readily understood. 

(12) EXAMINATION SEMI-GRAVEL, Top-Soit, AND SAND-CLAY: 

Dry 500 grams of the material at a temperature below 350° F. (176.6° C.) 
to constant weight. Gently pulverize to break down soft clods or masses, 
but not to grind or break hard material. Pass through a 10-mesh sieve, weigh 
the coarse residue and record as ‘‘ coarse material.” Use the material passing 
the 10-mesh sieve as the starting point of a percentage analysis-as follows: 

Weigh out two samples of 50 grams of this material for duplicate analysis. 
Place each in a wide mouth bottle (5 to 6 cm. diameter and about 12 to 15 cm. 
high). Add about 5 c. ¢. of dilute ammonia water and about 200 c. ce. of water. 
Close with a cork or glass stopper and shake thoroughly for 20 minutes. Allow 
the sample to settle eight minutes and decant carefully or siphon off the super- 
natant liquid to a depth of 8 cm. below the surface of the liquid. (The depth 
of the liquid in the bottle should be sufficient to leave about 4 cm. below the 
point of siphoning.) Fill the bottle again with water, shake for three minutes, 
allow settlement, and siphon off as before. Repeat the process until the super- 
natant liquid is clear. Be careful to wash the stopper and neck of the bottle 
free from coarse material before decanting. The washings drawn off may be 
collected and evaporated to dryness for direct recovery of the fine sediment 
classed as “clay.” Ordinarily the sediment loss or clay is computed as dif- 
ference. 

Wash the contents of the bottle cleanly into a porcelain evaporating dish and 
earry to dryness on a water bath. The dried residue should be carefully scraped 
from the dish and passed through a nest of 20, 60, 100, and 200 mesh sieves. 
The residue retained on each sieve is weighed and recorded as sand of the 
respective sizes. Their sum constitutes the total “sand.” The residue passing 
the 200-mesh sieve and caught in the pan is weighed and recorded as “silt.” 
Duplicate samples should check within 1 per cent. 

(a) The coarse material should be examined for hardness and with the mag- 
nifying glass to identify its character as quartz, hard iron compounds, feldspar, 
schistose material, or indurated clay. Hard quartz or iron gravels are valuable 
in themselves and as indicating the quality of the finer aggregate. Feldspar, 
mica, and clay nodules are worthless and indicate that the accompanying soil 
is poor for road building. 

(6) The sands should be examined with the magnifying glass for identifica- 
tion as quartz and for the presence of mica scales or feldspar needles. If mica 
or feldspar is present in appreciable amounts the sample should be rejected. 

(c) When the clay is recovered by evaporation it can be examined for tenacity 
by cementing together two glass plates, each 1 inch wide, set at right angles, 
with a layer of clay whose thickness is fixed by a fine bent wire laid between 
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the plates. The moist clay covers the wire on one plate, and the other plate is 
squeezed down tightly on the wire. After drying, the one plate being held firmly 
against cleats, wire slings are run symmetrically from the ends of the upper 
plate to one arm of a beam balance, and the tension necessary to separate the 
plates is given by shot or weights in the other pan of the balance. This test is 
tedious and is of service chiefly on low-grade samples which are of doubtful 
efficiency, but which represent the only available material for local construction. 

(d@) Approximate tests for tenacity of mixture can be made as follows: 

Make cylinders from the material passing the 10-mesh sieve, 25 mm. by 25 mm. 
The material is worked into a stiff mud and molded under 182 kg. per sq. cm. 
pressure. Dry thoroughly at 100° C. (212° F.) and break by the small Page 
impact machine for testing cementing value, using a 1 kg. hammer and 1 cm. 
drop. Record the number of strokes as the relative measure of tenacity. 

Mix 50 grams of the material passing the 10-mesh sieve with grams 
of water and knead with the hands into a spherical ball. Measure the diameter. 
Let this ball drop from a height of em. on a flat slab. Measure and 
record the reduction in diameter and examine the surface for cracks. 

Usually the plastic character and adhesiveness of a good road soil can be 
judged by the feeling of the mud made from this material, its adherence to 
the hands, and its stretch under light pulling. 


TESTS OF PHYSICAL AND CHEMICAL PROPERTIES OF BITUMINOUS 
MATERIALS. 


(18) SprciFic Gravity: Standardized hydrometers or pycnometers. U. S. 
Department of Agriculture Bulletin 314, pp. 4 to 7. 

(14) FrasH Pornt (OPEN Cup): U. 8S. Department of Agriculture Bulletin 
314, p. 17. 

(15) Mettine Pornt: A. S. T. M. tentative standard D386-16T; Proc. A. S. 
T. M. 1916, p. 549. 

(16) Ducrimity: A. 8. C. E. 1914 Proceedings, p. 3047. 

(17) PENETRATION: A. S. T. M. standard test D5-16. 

(18) Froat Test: U. S. Department of Agriculture Bulletin 314, p. 9. 

(19) SprectFic Viscosity (oN First 50 c.c.) : U. S. Department of Agriculture 
Bulietin 314, p. 7. 

(20) ToraL BITUMEN AND ORGANIC AND INORGANIC MATTER INSOLUBLE IN 
CARBON DISULPHIDE: U. 8S. Department of Agriculture Bulletin 314, p. 25. 

(21) BITUMEN INSOLUBLE IN NaputTHa: U.S. Department of Agriculture Bul- 
letin 314, p. 28. 

(22) VoLATILIzATION TEST (Loss at 163° C. oR OTHER TEMPERATURE): U. S. 
Department of Agriculture Bulletin 314, p. 19, except that a 50-gram sample is 
used in a flat-bottom box 55 mm. diameter by 35 mm. deep (Gill style, 3-ounce 
deep pattern box). 

(23) DisTILLaTIoN Test: A. S. T. M. standard test D20-16. 

(24) Frxep Carson: U.S. Department of Agriculture Bulletin 314, p. 30. 


(25) DimMEeTHyL SuLrpHATE Test: U. S. Department of Agriculture Bulletin 
314, p. 25. 


(26) PERCENTAGE OF RESIDUE OF PENETRATION : 

Fifty grams of the oil are placed in a 8-ounce deep, seamless tin box; the 
box is placed in a sand bath and heated over a Bunsen burner. A thermom- 
eter is suspended in the oil, the bulb not touching the bottom of the box. The 
temperature of the oil is kept at from 249° C. (480° F.) to 260° C. (500° F.), 
and the oil is stirred from time to time with the thermometer to prevent over- 


FORMS FOR SPECIFICATIONS, ETC., FOR ROAD MATERIALS. 37 


heating in any part. Depending upon the nature of the oil, as usually indicated 
by its flash, consistency at 25° ©. (77° F.), and specific gravity, the operator 
can with experience tell about what percentage it will be necessary to evaporate 
before cooling and taking a penetration of the residue. It is sometimes neces- 
sary to make several trials before the desired result is obtained. When the 
required penetration is reached the residue left from evaporation is weighed 
and its per cent of the original sample taken is computed. 


TESTS OF PORTLAND CEMENT, PORTLAND CEMENT CONCRETE, 
STEEL REINFORCING RODS, AND VITRIFIED PAVING BRICK. 


(27) TESTS OF PORTLAND CEMENT: 
(a) Chemical analysis, A. S. T. M. standard test C 9-17. 
(6) Specific gravity, A. S. T. M. standard test C 9-17. 
(c) Fineness, A. S. T. M. standard test C 9-17. 
(ad) Soundness, A. S. T. M. standard test C 9-17. 
(e) Time of setting, A. 8. T. M. standard test C 9-17. 
(f) Tensile strength, A. S. T. M. standard test C 9-17. 


(28) TEsts oF FIELD SAMPLES OF PORTLAND CEMENT CONCRETE: 

Form of specimen.—The test specimen may be a cube, a prism, or a cylinder, 
but it is felt that a cylinder six (6) inches in diameter by twelve (12) inches 
high will give the most satisfactory results. Molds of all types can be success- 
fully used, from the most permanent to those which can be used only in form- 
ing a Single specimen. 

Molding specimens.—The molding should be done as near the mixer as prac- 
ticable, and the concrete should be conveyed to the molds with as little jarring 
or mixing as possible. The molds should be placed on a flat, nonabsorbent sur- 
face, and the concrete should be placed in layers of ~--_- inches, with slight 
puddling by means of a half-inch steel rod. 

Storing.—Specimens should be permitted to remain in position where molded 
for a period of 24 hours. At the end of that period they may be stored on the 
completed concrete pavement, buried in the same covering material, and mois- 
tened at the same intervals, until ready for shipment to the laboratory; or, if 
not considered practicable to store on the completed concrete, they may be 
covered at the point of molding with the same covering material as used for 
the concrete pavement and moistened at the same intervals, until shipped to 
the laboratory. 

Shipment.—Specimens must be suitably protected from injury during ship- 
ment. 

Testing.—Specimens should be capped with mortar shortly after molding, or 
with plaster of Paris just before testing, so as to provide plane bearing sur- 
faces. The plane surface is formed by placing the specimen on a flat, non- 
absorbent surface and pressing a flat plate on the soft mortar or plaster cap. 
In testing, the specimens are mounted in the testing machine with spherical 
bearing block placed on top of the specimen, the capped specimen being placed 
in direct contact with the steel bearing surfaces. 

(29) TESTS OF STEEL REINFORCING Rops: As given in the standard specifica- 
tions for reinforcement bars, A. 8S. T. M. standard, 1916, serial designations 
A 15-14 and A 16-14. 


(30) RatTLeR TESTS, VITRIFIED PAVING Brick: A. S. T. M. standard specifica- 
tion C 7-15. 


Notre.—All of the American Society for Testing Materials Methods, Tests, or 


Specifications above referred to will be found in the A. S. T. M. Standards, 
1916, unless otherwise noted. 


.. 


RECOMMENDED STANDARD FORMS FOR REPORTING TEST 
RESULTS.* 


(Name and location of laboratory :) 


REPORT ON SAMPLE OF Rock or SLAG. 


aboratory, Nox2 252). 
a ee jouile 
(Date reported.) 
ING CE Sb Ss easel ise ALR EE eet, Bee yiK DY Soe yi ce se os TA) pay ie =e 
Ldentiiication ;mMarks 22 2 ee pi cy haew 
Submitted by________ 2 awl eure ee Address] 2s 
Sam pled seat 2s ae ee eee Ol eee reCelVedae es eS oF OTe: 
Sampled ‘frome e265) ab 8G. BiiGuy PSs POP a) el TA a 
Quantity represented: 24 Mecha eu ee ee ten ee eee eee 
source: Of material _2— =. 1. is 2 er 
MHOCAEONSUSCEZOLSCO MDC: ASCO ie ee we 
EXAM DTN CG ont: OTe ereees ota ee ee AES Ee 
TEST RESULTS. 

Speciicr gravity=—--2 = ee ow LAs ee ee 
Weight per cubic foot, in pounds.-_oo% Bei Bae 8 eee eee 
Water absorbed per cubic foot, _-____________ DOUNGS 4-40 55s per cent 
Per centaof swear. ee ee ee 
Mrench coeflicient of wear: 22025. 2a Ee eee 
VaR OMeSS 3 ee oe a EE Pe Se ee SE ee ee 
Toughnesss2) WS. ist at eee ee oe ie alee ae 
Remarks: 


1The arrangement of the test results on the report for gravel or sand, as reported by 
the conference, has been altered slightly so that the report might be made on a single 
sheet. In the case of petroleum and asphalt products and tars, the tests to be reported 
upon were definitely recommended by the conference, but no specific recommendation 
was made as to the order of arranging the various test results on the report form. 
The form, as presented, has been arranged in editing. 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF GRAVEL OR SAND. 


Laboratory No. ~----------- 
UO 2 NA a MO Be os Tse 
(Date reported.) 
HIN ava > Wp ee cn Ze op a6 9 a Pe i Guna nd bide Rel 
Ndentiticationtmaarks 2M hie ws Ts sx OU ee tunity a aldactone ayes ih 
Submitted byes ae es AE TUN tele saa ik Seto alas SATCICI eS Sera nas Teena 
Sepp US es ep rial ROM Dates) ee cr enia (SY etree a cee alam dal alas pv Alnus 
Cheeni GUUS XG TEN a le Ne ASEAN MANU SLIME SVR Me eS 
COD eaNTaN et VABYS TOTS ES TAU Co toe Ele 2 RRA ae ce De Re 
SOUT a og TN EA Lge tt st he 1 SR ee ad OVS EE 
MO CALL OMPUSEHROT LOND ENS Ee on wun ei re DI ich Pee are ee VIE 
BE sxc ear TN Gl mde) Tee PA a A eS AS Naa 
TEST RESULTS. 
SAND. : GRAVEL. 
Mechanical analysis. Mechanical analysis. 
Fraction. Per cent. Fraction. Per cent. 
Retained 1-inch screen,......-...-.-------|---------- Retained 3-inch screen...............-.-|..--..---- 
Passing 41-inch retained 1Owmesh pees Awa es || Passing 3-inch retained 24 inch .........|-.......-. 
Passing 10 mesh retained 20 mesh ........|...--.---- || Passing 23-inch retained 2inch .........].......... 
Passing 20 mesh retained 30 mesh ........|.....----- || Passing 2-inch retained 1} inch .-.-.....]........-. 
Passing 30 mesh retained 40 mesh ....-.-..|.......--- || Passing 13-inch retained linch ..--.....|.......... 
Passing 40 mesh retained 50 mesh ........)...-..-.-- | Passing 1-inch retained $inch -.........).......-.. 
Passing 50 mesh retained 60 mesh ........|...-..-..- || Passing 3-inch retained }inch -.........|.......... 
. Passing 60 mesh retained 80 mesh ........|..-...-.-- Passing 4-inch retained tinch ..........]...-...... 
Passing 80 mesh retained 100 mesh .......]......---- Passing }-inch screen.........-......-...|.-.------- 
Passing 100 mesh retained 200 mesh .-....|...-..---. 
PASSITIGRZOO;IMESME se on yc mee ore eee ON | 
Total | ANG ell Scooebesipsnpcoobencosedoneos|lsssseodaas 
Silt in sand Penicenmtion wears sacs etl eee ee paella papal 
Sample sand. Standard Ottawa sand. 
Tensile strength (cement-sand : 
briquettes, 1:3). 
3-day 7-day. | 28-day. | 3-day. 7-day. | 28-day. 
1 ices aots Oa ete ge ne Pe Un i eseierel [areca a 
Be pe DE COS OEE OU AOE BS SESE EIS Ce EIN ali eit (Ese aeae aS |PekeempRnre| eeattcrs specs re aeec||t umpc nay umutin [erme erent an ee egen Preval e rons fun ey 
Bo 5b Seca ats See SATEEN Cs MPa Ene OH aI CUI a I Re [Pe SS SI AC ea Pe Tes OS TC co eee AO 
V0 6 PSO COSI EOP Crea a PEI car east ESS Pa ACI aR gE 8S La a Te ny Un SO fy 
Baccodeosebncbeon eB Oe eae els Neu mee nen ne sriimmmmEne Bylo) 2s.tue Rie EOE ENE Hd SC RRR 
IRS ISR Sy SS Rs NON IS ae CNS ae 89 0) ROU ee PRM Ss Sean ES NS aa 
VAG Ole etre oreo oi cinie ene ene ieee lo eeeral|iei Sarai cee se ies oy sc eel Laue) Ir aN PA ae Se 


Remarks: 


Respectfully submitted, 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF SEMI-GRAVEL, Tor Somm, oR SAND Cnay. 


ahoratorysiNos, vss ees ig NCS ae eee A ee , 191__ 


SING er 2 eS ee IN A SNES aE Ge a BTA I 
TOGA CAE OM METERS TA CD ha 
Submitted by______________ i Bt a saath ah ate Address. 22 Ss ee 
Sampled______ hs 7 LOW sre RECCT VEC ial Liu iiec ca eee Boao) Ween 
Sarma poled iro ray ee aes eg ea Le pr a pd Boia a 7 ee 
Quantity represented ___ as am se Ne ie Pipipieeee ie LUE MI EY 
Source of material__ SU er i 2 KUM SNE) CSTE EIU aS Ca 
Location used or to be uSed___________________________ 22 Tr 2 ee 
ORAM IMC LOM eee ee a 8 a ee ee 
TEST RESULTS. 
Analysis of material passing 10-mesh sieve. 
Per cent. | Per cent. | Per cent. Character. 

Sand retained, 20 mesh .....--....-- 


Passing 20, retained 60 mesh ...-. 
Passing 60, retained 100 mesh..-....-. 
Passing 100, retained 200 mesh......-- 


Coarse material, ______ per ‘cent; Quality, i 2 ES a 
Mil@an) fssiincak 
Remarks: 

Respectfully submitted, 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF PETROLEUM OR ASPHALT PRODUCTS. 


(Classification name of material.) 


Sein fn el fed Nn i gap a ce a Sh a) 
Quantity, wepresented' — Sei es ee 
HT eairinn debs Gs tONS OU Lp yeas RI a ecg gD 
Mocation used. or to be used__=- ee ee 
IR RATIM OC Ol en a ed Bee A ae 


Generale Chara Ct erst HC Sees GN ae UR one eT eS 
Specific gravity, Oe C/E ep OLY eT ECE Ree 20 ea ih als Gala 
HESS ears Tayo cy inert (gen Wi) poe asses Se 
Specific viscosity, ae at-2-22 2. OG rset bere PONISI GLB) Oe 
Float test, _______- .. (Seconds) ~_--____ Se wera ie se C., (seconds) ~__-____ 
Penetration, Dis” OL ‘06 STAM Ss. DO" SCONES) eae ie ET ie VB Ae 
Om C..200.-225 60 St it aa Be OEE DOIG EU 

“ 46.1° cL. 50S 5 £6 ih NABI DG NR. sgt ie meetoer Sneed SN SON 
Melting point, (° CG.) re re tl an ei marines eile A oD ELEONORA 
OUI, Oe SE ON OS ELT a orale CMD ee 7. @Q0TRS OL Maka cm. 
TOO) QUE WOR: COGS Fay Toy eee Tessin Nea TROON VU 
HDDS Seen Lael Sp as Oona EO UOT Sa RE A ce a iN a 
War aC ters SEL CSi sO bs, OST Ce a a a pps ine tr near Seer 
A : Pentration 25° C., 100 grams, 5 seconds ______________ 
Consistency of residue Float test, __° C., (seconds) ___; ___° C., (seconds) ___- 
Totalmbreumen: (Soluble im) Sa) pie se 
O15 ATT CHIT CE TD TN SO DU TT eas teat i A are SA 
mnorcanichmatter insoluble -2 208 2 ee sae ear 
Per cent of total bitumen insoluble in 86° B. naphtha________________________ 
Bp SSce2 CNR CC ANTS) (Treas ih AT A CIE OY SURI ES SOU 
Residue of —~--__- penetration. OE RENAE 20S ARGS ag UST SUR ah UO 
IRS SIEO ENTE EGS} i I AT NO A TANI Ee 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF TAR. 


(Classification name of material.) 


Laboratory No. ____-___-_ 
(Date reported.) 
seinen re es oh aaa oe Sy 9 a 
Ry rep Kevyn 0 5 06s oneness 
Identification «marks 22s 5 Es SE iS ce eee et 
Submitted» -by2= 22s ne ees Mitles Scones Address____________ 
Sampled ins ee ee OL eR CEL Ve Ct ee Se 5y OT hs 
Serna py Le ce fere ran a ee 
Quantity “PEP PES mnt ess oes ee eee ea eee ae EA 
Mien ri a ea Ea Tec yee an an ne a aca eh en 
Location used: orto ‘be used = — 2 ee ee eee 
1 Ey 20) 14 AL ST lar 80) agg ice a am BRA IN NU eA ee CRMI Gam SS 
TEST RESULTS. 
General. characteristics.____-___.__._-§ 38 tn ee eee 
Wrater <2 pet 20 i 8 ee 8 Uo A a ee ae) Oe eee 
Specific gravity, 25° ©./25° ©____ ee wei 2 eae 
Specific viscosity, Engler at__________ Oe ta ar ea 
Mloatvtest, fe ° GC. (seconds) __-_____ pepe De fC. . (seconds) == 
Melting point 1(° GC) 22 
Solubility. in’ carbon disulphide-___22. 2) _=. 1. ee eee 
DISTILLATION. 

Fractions. Character. Feb cent ee 
Suess 170° Ope eee eee ren eae ae el ee | 
bell OE G2 ae a GO pe nD eu) UE NR ST INE UL Edonacuaclooocaoooad 
935° C.-270°. Gadce cl. iced Meo Luss SAR Re eee LC ie Ce bel oaieye! cokers irae: Ieee eee |e anes 
Q7023C 2500 Ceo ee TL as) RUE a TENG 0 LS. cs Rl pa | 
Residue as ee aaa Ecne wrec inicio ei cinte sleciais eiayscsicis oie els ctarsioeteye | Cereals eee | eeoetemereaete 
Specifie gravity of distillate 25° C./257°(@_22222 > 2 eee 
Melting point: of-residue -(°O) 222222 a eee 
Insoluble in dimethyl] sulphate, per cent of fraction ____° C. to _-_.° C_________ 

Remarks: 


Respectfully submitted, 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF PORTLAND CEMENT. 


(Date reported.) 
WaADORREORYs INO esse iene) a in 2h Leet 
BRS Tec) 00 eames Sh ae hee 


SS crag Le fete an each ee ho Ea eae 
Quantityerepresenteds= 3-2. ee 
AN Aeeasn a an Te Ea GUTS © CL Lp i a I AY 
ocatiom used: or to: be-used===- 2-2-2 eS BE Oo ey OS 
xamined efor ee SS eee eo ee Oe ad 


TEST RESULTS. 
Chemical tests: 


Loss on ignition, per cent_______-________ 
Insoluble residue, per cent______________ 
Sulphuric anhydride (SOs), per cent____ 
Magnesia (MgO), per cent_____________ 
Physical tests: 
Specifier gravity. ee 
Per cent retained on 200-mesh sieve_____ 
Steam’ test ioe eee aa ee 
Gillmore Vicat 
needle. needle. 
Initial’ sete. - jee OL) etherion 
Mina Sete 22 2G ales CO) hy i aaa EN 
Tensile strength (1:3 Ottawa sand): 
7 days. 28 days. 
Average: eer Average: Rees 


Remarks: 
: Respectfully submitted, 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF VITRIFIED PAVING BRICK. 


(Date reported.) 
ha bOrttoOry. INO |e en eee ee OR jy ktOba2 
Trade sname, aa:.5 sees I ee 


SubmittedJby2= 354 Tithe gre... Address] ae 
Sampled: ioe BE Rn ing jiL91-_ pe Received: 2s See oitOd = 
Sampled: ‘from=co = 622s) ee eee 
Quantity represented_- 20 2 ee 
Manuftactureduib yoo sss te et os SE ee el 
Location used'or ito be: used=_-_- = * = ee ee eee 
Hxamined for 22s ee pa ee > on ee 


TEST RESULTS. 
General data. 


Average dimensions, length______--___ Widths) S2ciioeai Depth 
Drying treatment a ee ee Ee 


Standardization data. 


Weight 
of charge 5 k 
(after | Number of fresh stave liners.| Repairs affecting barrel. 
standard- 
ization. 
AO lar geiSPHeres << << arslarere tater miata wo cteta = win rmt~) tafe arate totareln ln) atminlolelmiclnlai Se eta i= Atel tel alanis lala siale te talee eee eee 
BRIE geo so doccooEeeseol bcacccodse |sanboedaososousonsesepasomedan loonaspasossoccaocogecos SocoosS 
Nota Bee ects a ccaeieleeis Seige of toe Seca cise | cw clelee ea pestetee ci setnie tee oe era erent | Mere ee nets ee eee See 
Number of charges tested since last inspection, __-__-_. 
Running data. 
Havok Running 
5 i ion notes 
Time readings. cuuntern SG ps, 
readings. ete. 
Hours. | Minutes.| Seconds. 
Beginning Of test.......--2--0-- ee eee ene n ene c een e eee ene e een elon ete nce e[o nee nec eweleeeeeceene|snweswcene 
LOHAN NGy 6 hy ee once ooooqcdoeC Coen OOS SSUBpeUHoCeadd jacaadacdse |seaoscaned beopgnpacd|Soodoseacelo sosc0cc0s 
InitialsweightoflOjbricks=--y weee-mese ul) mecca meets Maximum variation in per cent loss, 
inal weight of 10\bricks:22- 9 J-ceses. | decescne | quercense 
Loss of weight........-...- soousceGe! ~<GdanGGso. .. cooedpac 
Loss of weight, percent.--- 9 -------- 9 eeeene-e se eee 
Num berofibricks brokeninis | cee cesie)) 0) cin o> isa) eeleoeisics 
test. 
Remarks; 


Respectfully submitted, 
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RECOMMENDED STANDARD METHODS OF SAMPLING. 


SAMPLING BROKEN STONE. 


(1) By whom taken.—Samples are to be taken by the engineer or his author- 
ized representative. 

(2) When taken.—Samples are to be taken from the proposed source of sup- 
ply at least ______ days before the stone is to be accepted or rejected, also from 
every —__--- cubie yards quarried, or when the quality or appearance of the 
stone changes, and at such other times as may be directed by the engineer. 

(3) Where and how taken.— 

(a) Sampling for quality: Samples shall be taken either from the quarry or 
from cars as directed by the engineer, and shall be sound interior rock, repre- 
sentative of that which it is proposed to use. Mixed samples may be taken if 
deemed necessary by the engineer. 

(b) Sampling for size: Samples of the crusher product shall be taken either 
at the crusher or from cars as directed by the engineer. The sample shall be 
mixed from runs of the crusher, on different days, or, if taken from cars, shall 
be taken from both ends and top and bottom of the car. 

(4) Amount and size of sample.— . 

(a) Sampling for quality: A sample shall weigh between 25 and 40 pounds 
and shall consist of pieces of rock at least 14 inches in size and one piece at 
least 3 by 4 by 6 inches, free from seams and cracks, and with bedding plane 
marked. 

(0) Sampling for size: A sample for size shall weigh not less than 10 pounds 
for materials of three-quarters inch maximum diameter or less. Samples of 
materials of other sizes shall increase in weight to a maximum of approximately 
‘60 pounds, varying with the size and weight of the largest pieces represented 
by the sample. The sample shall be representative of the product as delivered 
for use. 

(5) Marking and shipping.—Samples shall be shipped in tight boxes or bags 
and shall be accompanied by a card in the container or securely attached 
thereto, stating date, by whom taken, by whom submitted, source of supply, 
exact location where sample was taken, proposed purpose to which the material 
is to be put, space for remarks, and in case of quarry investigations, owner, 
quantity available, amount and character of stripping, whether material from 
same source has been previously used, where and for what purpose, and with 
what results, haul to nearest point on road, average haul to job, character of 
haul, initial cost of rock. 

Notification of sampling, containing the above data, shall be forwarded sepa- 
rately to the laboratory immediately upon taking the sample. 


SAMPLING BROKEN SLAG. 


(1) By whom taken.—Samples are to be taken by the engineer or his author- 
ized representative. 

(2) When taken.—Samples are to be taken from the proposed source of sup- 
ply at least ______ days before the slag is to be accepted or rejected, also from 
every —__-_- cubic yards quarried, or when the quality or appearance of the 
slag changes, and at such other times as may be directed by the engineer. 
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(3) Where and how taken.— 

(a) Sampling for quality: Samples shall be taken either from the deposit or 
from cars, as directed by the engineer, and shall be representative of that which 
it is proposed to use. Mixed samples may be taken if deemed necessary by 
the engineer. z 

(b) Sampling for size: Samples of the crusher product shall be taken either 
at the crusher or from cars as directed by the engineer. The samples shall be 
mixed from runs of the crusher on different days, or, if taken from cars, shall 
be taken from both ends and top and bottom of the car. 

(4) Amount and size of sample.— 

(a) Sampling for quality: A sample shall weigh between 25 and 40 pounds 
and shall consist of pieces of slag at least 14 inches in size, and one piece at 
least 3 by 4 by 6 inches. . 

(6) Sampling for size: A sample for size shall weigh not less than 10 pounds 
for material of three-quarters inch maximum diameter or less. Samples of 
materials of other sizes shall increase in weight to a maximum of approximately 
60 pounds, varying with the size and weight of the largest pieces represented 
by the sample. The sample shall be representative of the product as delivered 
for use. 

(5)Marking and shipping.—Samples shall be shipped in tight boxes or bags 
and shall be accompanied by a card in the container or securely attached 
thereto, stating date, by whom taken, by whom submitted, source of supply, 
exact location where sample was taken, proposed purpose to which the material 
is to be put, space for remarks, and, in case of source investigations, owner, 
quantity available, whether material from the same source has been previously 
used, where and for what purpose, and with what results, haul to nearest point 
on road, average haul to job, character of haul, initial cost of slag. 

Notification of sampling, containing the above data, shall be forwarded sepa- 
rately to the laboratory immediately upon taking the sample. 

Notr.—The conference, recognizing that in general slag is not a uniform 
product, recommends that special care should be taken to get a representative 
sample. 

SAMPLING STONE BLOCK. 


(1) By whom taken.—Samples are to be taken by the engineer or his author- 
ized representative. 

(2) When taken.—Samples are to be taken at least _---__ days before the block 
is to be accepted or rejected, or when the quality or appearance of the block 
changes, and at such other times as may be directed by the engineer. 

(3) Where and how taken.—Samples shall be taken either from the quarry 
or from cars, as directed by the engineer. They shall be representative of the 
block which it is proopsed to use; and no sample shall include blocks that would 
be rejected by a visual examination. 

(4) Amount and size of sample——The sample shall consist of at least 10 
blocks. The bedding plane shall be marked on at least 2 blocks. 

(5) Marking and shipping—Samples shall be shipped in tight boxes and 
shall be accompanied by a card in the container, or securely attached thereto, 
stating date, by whom taken, by whom submitted, source of supply, exact loca- 
tion where sample was taken, proposed purpose to which the material is to 
be put, whether material from same source has been previously used, where 
and for what purpose and with what results, initial cost of block, haul to 
nearest point on road, average haul to job, character of haul, and space for 
remarks. 

Notification of sampling, containing the above data, shall be forwarded 
separately to the laboratory immediately upon taking the sample. 
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SAMPLING GRAVEL. 


(1) By whom taken—Samples are to be taken by the engineer or his 
authorized representative. 

(2) When taken.—Samples are to be taken from the proposed source of sup- 
ply at least __-____ days before the gravel is to be accepted or rejected, also froin 
every ___-_- cubic yards excavated, or when the quality or appearance of the 
gravel changes, and at such other times as may be directed by the engineer. 

(3) Where and how taken.— 

(a) Sampling at the pit: Hnough samples shall be taken to represent an 
average of the material. An individual sample must be taken through a full 
vertical section of that material which it is proposed to use at the point 
selected. Hach sample shall be taken from a freshly exposed vertical face. 

(bv) Sampling from cars, barges, etc.: Enough samples shall be taken, as 
directed by the engineer, to represent average composition. Samples from cars 
shall be taken from both ends and from top and bottom of the car. 

(4) Amount and size of sample. 

(a) Sampling for quality: For screened gravel sample shall weigh 25 to 30 
pounds. For bank gravel sample shall weigh 50 to 75 pounds. 
(0) Sampling for size: A sample for size shall weigh not less than 10 pounds 
for materials of three-quarter-inch maximum diameter or less. Samples of ma- 
terials of other sizes shall increase in weight to a maximum of approximately 
60 pounds, varying with the size and weight of the largest pieces represented 
by the sample. The sample shall be representative of the product as delivered 
for use. 

(5) Marking and shipping.—Samples shall be shipped in tight boxes or bags 
and shall be accompanied by a card in the container or securely attached 
thereto, stating date, by whom taken, by whom submitted, source of supply, 
exact location where sample was taken, proposed purpose to which the material 
is to be put, space for remarks, and, in case of pit or bank investigation, 
owner, quantity available, amount and character of stripping, whether material 
from same source has been previously used, where and for what purpose, 
and with what results, haul to. nearest point on road, average haul to job, 
character of haul, initial cost of gravel. 

Notification of sampling, containing the above data, shall be forwarded sepa- 
rately to the laboratory immediately upon taking the sample. 


SAMPLING SAND. 


(1) By whom taken.—Samples are to be taken by the engineer or his author- 
ized representative. 

(2) When taken.—Samples are to be taken from the proposed source of 
supply at least ____-_ days before the sand is to be accepted or rejected, also 
from every —----- cubie yards excavated, or when the quality or appearance 
of the sand changes, and at such other times as may be directed by the 
engineer. 

(3) Where and how taken.—Samples shall be taken from freshly exposed 
portions of the deposit as directed by the engineer. Mixed samples may be 
taken if deemed necessary. 

In general, the number of samples shall be sufficient to cover the extreme 
variation of quality in that part of the deposit which is proposed to be used. 

(4) Amount and size of sample.——EKach sample, whether individual or com- 
posite, shall weigh between 10 and 15 pounds. 
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(5) Marking and shipping.—Samples shall be shipped in tight boxes or bags 
and shall be accompanied by a card in the container or securely attached 
thereto, stating date, by whom taken, by whom submitted, source of supply, 
exact location where sample was taken, proposed purpose to which the material 
is to be put, space for remarks, and in case of source investigation, owner, 
quantity available, amount and character of stripping, whether material from 
same source has been previously used, where and for what purpose, and with 
what results, haul to nearest point on road, average haul to job, character of 
haul, initial cost of sand. 

Notification of sampling, containing the above data, shall be forwarded sepa- 
rately to the laboratory immediately upon taking the sample. 


SAMPLING SEMI-GRAVEL, ToP SOIL, AND SAND CLAY. 


Samples of materials of this class shall be of two kinds: Class I, samples of 
the raw material taken from the natural deposit; Class II, samples of the loose 
material after being mixed in place on the roadbed and before consolidation. 

Class I sample shall be used simply as preliminary evidence of the suitability 
of the aggregate subject to admixture of one or more ingredients to adjust the 
composition to the limits set forth in the specifications. 

The final acceptance of the material as satisfying the specifications shall be 
based on Class II samples. 

Standard containers.—(1) A three-compartment box of pasteboard, wood, or 
metal, outside dimensions 5 by 10 by 10 inches; or (2) close woven bags or 
sacks of material which do not allow sifting out of fine particles, dimensions 6 
inches wide by 12 inches long. 

Labeling.—Each compartment in the box container must contain a label show- 
ing at what depth the contents were taken. The whole sample shall be accom- 
panied by a card, securely attached thereto, stating date, by whom taken, by 
whom submitted, source of supply, exact location where samplé was taken, posi- 
tion within the deposit where taken, owner, quantity available, amount and 
character of stripping, if any, whether material from same source has been 
previously used, where, and with what results, haul to nearest point on road, 
average haul to job, character of haul, initial cost of material. 

When bag containers are used, one complete sample shall comprise 3 bags, 
each bag labeled as to depth from which the material is taken. 

Each bag, or, if preferred, a larger receptacle containing the three bags, is to 
be labeled with the information detailed above. 

How to take Class I samples.—For each 1 acre or less of area two samples 
must be taken, one a local sample and the other a composite sample. 

The local sample is to be taken near the center of the area and is intended to 
represent the vertical average of the material at that point. It shall be taken 
in three layers, each layer ___- inches thick, according to the method described 
as follows: 

The material is to be loosened over a 8 by 8 foot area to the specified depth, 
usually 4 inches. The loose material is to be intermixed with a shovel and the 
sample for one compartment of the box container or one of the bags is to be 
taken therefrom. 

The remaining loose material is to be shoveled out and discarded. The sec- 
ond layer is to be loosened to equal depth, usually 4 inches, to be intermixed as 
before, and a second compartment or bag is to be filled. The same procedure 
shall apply to the third layer, and the filling of the third compartment or bag. 

In exceptionally thick deposits the depth of each layer or the number of 
layers may be increased to cover the entire thickness of the deposit. 
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The composite sample is to be taken as follows: Roughly divide the area to 
be represented by the sample into squares not exceeding 50 feet in size. At the 
corners of all squares loosen a 3 by 8 foot area to a depth of ~___* inches. 
Thoroughly mix the loose material. Carry an equal amount of the material 
from each such point to a central point and intimately mix the various samples. 
Not less than 200 pounds of material must be so mixed. From the center of 
the pile of mixed material fill a container and label for shipment. 

Where the material occurs as a substratum sink no less than four 3 by 3 
foot pits per acre or smaller area to intersect the material. Remove the cover- 
ing and sample the exposed bed as for a local Sample described above. 

How to take Class II samples.—These are the most important samples, and 
should be taken by the engineer or competent inspector while work is in 
progress. 

When the materials have been spread and intimately mixed in accordance 
with properly drawn clauses covering methods of construction, the engineer 
should fill a container at intervals of 2 feet, along the road, and also at 
such other points as his judgmrent may dictate, where evidence of unsatisfac- 
tory mixing is apparent. 

Very prompt examination of these samples should be made in order that 
defects of composition may be remedied by the builder before consolidation has 
progressed. 


SAMPLING BITUMINOUS MATERIALS. 


General recommendations.—All samples should be selected to represent as 
nearly as possible an average of the material, care being taken that they are 
not contaminated with other materials. It is recommended also that special 
eare be taken to forward the samples in clean, suitable containers, and wher- 
ever possible all materials should be sampled at the point of manufacture, and 
sufficiently in advance of shipment of the material represented to allow for 
the testing and reporting upon the sample before shipment. When imprac- 
ticable to take samples at the point of manufacture they should be taken by 
the engineer or inspector, from the shipment immediately upon delivery. 

In collecting samples, if there is any doubt of the homogeneity of the material 
it is recommended that individual samples be lifted as hereinafter described, 
and such samples should be forwarded to the laboratory, where tests should be 
conducted to determine the uniformity, after which a composite sample of 
equal parts of the individual samples may be mixed for complete tests. 

Samples should be taken as frequently as necessary to insure the uniformity 
of the material. 

Marking samples.——Samples should be marked for identification in such man- 
ner that the identification will not be removed in transit. Notification of 
sampling containing this identification, together with such other information 
as is required or of advantage to the laboratory, should be separately forwarded 
to the laboratory immediately upon taking the sample. 

Size of samples.—No sample should be less than 1 quart, whether for complete 
testing or for individual test. 

Plant sampling—Drip samples are recommended. In taking drip samples, 
the pumping should be continued until sufficient time has elapsed to clean the 
line before sample is taken. The drip valve should be so regulated that the 
collecting of the material continues through the entire time of pumping. 


1A depth of 8 inches is suggested. 2Intervals of 500 feet are suggested. 


q 
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When impracticable to follow the above method it is recommended that 
samples be taken from the storage tank at three different levels. 

Material in barrels or drums at a plant should be sampled by taking samples 
from not less than 3 per cent of the containers. 

Whenever possible, the portion of the sample from each drum or barrel 
should be taken from near the heart of the barrel after it has been split open. 
Where samples must be taken from the top of the barrel, the material lying 
within three inches of the surface should not be included. A hatchet or any 
sharp-pointed tool is suitable for the purpose of digging into the barrel. 
(IMPoRTANT.—Do not use kerosene on the blade.) The several portions are 
then to be pressed in a can of not less than one-quart capacity, using enough 
material very nearly to fill the can which is then tightly covered. If cans are 
not available and some other type of container used, they must be entirely free 
from paper or any other substance to which the bituminous material adheres 
readily. 

Check field samples are recommended on plant inspected material. 

Field sampling—F¥or barrel shipments, see plant barrel sampling. 

Sampling fluid products——When a fluid material is shipped in tank cars, and 
the sample is to be taken directly from the tank car to represent an average of 
the entire tank-car contents, the following method is suggested: 

A tin can, with a tight-fitting removable cover and a wire handle, is secured, 
and a number of holes one eighth of an inch in diameter are punched in the 
cover. This bucket is then weighted in any convenient way and lowered 
slowly by means of a cord attached to the handle through the entire depth of 
the tank car, so that the can will be filled with material from all depths of the 
car. This can is then emptied into another can of at least 1 quart capacity 
having a screw top or other equally tight cap or cover. A sample is more 
representative when the tank car has been agitated before the sample is taken. 

Where individual samples are desired to check the uniformity of material 
throughout a tank car, it is suggested that thief samples be taken from top and 
middle and a third sample be taken from the outlet valve through which a 
sufficient amount of bituminous material has been allowed to flow in order to 
clean the valve properly. 

Semisolid products—Barrel shipments are to be sampled as in plant 
sampling. 

Tank-car shipments are to be sampled through the dome by the use of a 
clean hot shovel. 

Bituminous aggregates.—It is suggested that a 5-pound sample be submitted 
when the material is sampled before being placed in the pavement. 

Samples of pavements should be at least 1 square foot. 

The material should be carefully boxed in order that it may remain intact 
during transit. 


SAMPLING PoRTLAND CEMENT. 


Each shipment or lot of cement used on the work shall be sampled and 
tested in accordance with the standard specifications and tests for Portland 
cement given in the 1916 standards of the A. S. T. M. serial designation C9—-17. 

It is recommended that in sampling cars and bins the method specified in 
A. S. T. M. 1916 standard specifications for Portland cement, section 17 (0) 


1The term “bituminous aggregate’’ is defined as follows: The mineral or other aggre- 
gate, together with the bitumen which is used as the cementing medium. 
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be followed, using composite samples. Samples at the mill shall be taken by 
any of the methods of section 18, A. S. T. M. specifications, as may be most 
practicable. 


FIELD SAMPLES OF CONCRETE. 


(1) When taken.—Samples shall be taken regularly for the general control 
of strength and uniformity on one day of each week of work; and at irregular 
intervals, whenever a complete change is noted in the character or grading of 
one or more materials or in any element affecting the entire mix, 

(2) Number of samples.— 

(a) In taking regular samples three specimens should be molded to be 
broken one at each of the periods, 14 days, 28 days, and ___-_. 

(6) In taking irregular samples, nine specimens should be molded, three to 
be broken at each of the periods, 14 days, 28 days, and ~_____. 

How taken.—The batch sampled for general purpose should be similar in 
consistency and general grading of the aggregate to the regular run of batches 
being turned out. The sample from which specimens are molded should be 
composed of several portions taken during the discharge of one batch in order 
to represent an average of the batch; or the batch may be dropped upon the sub- 
grade and concrete from several points (taking care to exclude dirt), placed in 
a clean wheelbarrow or other container, avoiding additional mixing. 


SAMPLING VITRIFIED PAVING BRICK. 


Inspection.—Vitrified brick may be inspected and tested at the point of 
manufacture, or they may be sampled at the point of delivery, and representa- 
tive samples submitted to the laboratory for testing prior to acceptance of the 
shipment. 

Plant inspection.—Whenever practicable the inspection and testing of vitri- 
fied brick shall be carried on at the manufacturer’s plant. The choice between 
plant inspection and sampling at point of use should be based on the average 
number of brick to be shipped from the plant per day, and the total number 
required for the particular piece of work. 

Whenever conditions permit, samples should be taken directly from the kiln 
during the process of emptying. One or more sets of tests, depending upon the 
size of the kiln, each set consisting of three separate tests, should be made 
on each kiln. Each test in a set of three should represent approximately a 
single degree of burning (based on the position of the bricks in the kiln), and 
all ten of the bricks in a single test should be of the same approximate degree 
of burning. 

The average abrasion loss in three such tests will determine whether the 
contents of a kiln or part of a kiln meet the average maximum abrasion loss 
specified ; and the maximum variation between the per cent abrasion losses of 
the three sets will be used to determine what portion of the bricks represented 
will be culled or rejected. 

Sampling from piles at the plant.—In general, samples selected from piles at 
the plant shall be as nearly as possible representative of the entire run of the 
brick. Samples from piles shall be taken from as many different points corre- 
sponding to the length, breadth, and depth of the pile as possible. In no case 
shall they be confined to the upper or outer few layers. Where controversy 
arises regarding the admissibility of certain types or portions of the lot, entire 
test samples may be selected from such types or portions having a characteristic 
appearance in common. 
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Sampling at point of delivery.—A representative sample should be taken from 
each carload received. Considerations covered under ‘“‘ Sampling from piles at 
the plant” apply equally to sampling from ears. 

Shipping.—Samples shipped by freight or express to the laboratory shall be 
put up in packages containing twelve bricks each, packed in two rows sepa- 
rated by a partition for protection. 

Condition of bricks before testing.—If bricks are damp, they shall be dried 
at a temperature of 100° F. before testing. No bricks shall be included in the 
test lot which would be rejected on the basis of cracks, chips, or other defects 
covered by the specification clauses for visual inspection. 


GENERAL INDEX. 


FORMS FOR SPECIFICATIONS: 
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METHODS OF TESTING MATERIALS: 
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FORMS FOR TEST RESULTS: 
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STANDARD METHODS FOR SAMPLING: 
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INDEX ACCORDING TO TYPE OF ROAD. 


In this report the specifications have been grouped according to the types of mate- 
rials covered. The following index has been prepared for the convenience of engi- 
neers who may be particularly interested in individual types of construction. In this 


index all specifications relating to each type of pavement are grouped together. 
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Binder course not specifically covered by the conference (broken stone 
ageregate for large aggregate bituminous concrete could be used). 
PORTLAND-CEMENT CONCRETE BASE: 
OnIANGRGCIMOMG Ee clk ee be i od a MR ee TL i cae A i 
rakenslac tor coarse aggregate... eee ce cece lee eee 
Broken stone or gravel for coarse aggregate... .....---....--2----- 222 eee 
Stone or gravel screenings for fine aggregate.............-.---------.-0- 
SAMO MLORMLMOLAC OTE SALON 2, ce No se ny pe Me ee alten cela 
PORTLAND CEMENT CONCRETE WEARING SURFACE: 
ROnilanCeCeMent a oucie sk ke oi. seem Nuun ha WU Sd Mal kl 
Gravelyior CORTSC AQOTERATE ee ee eet ees 
iBroken/stone for coarse aggregate... 5.02.0 b a sos) lel kk 
Combination of dustless screenings and sand for fine aggregate.........-.- 
DAMUELOl INE TAC PTCRALE! See ne astra. occ erpen Soe es a eat MO 
Steeleinfiorcing rods iyi cee se i. i RE Oh ae 
Portland-cement concrete (suggested clauses).............----------+--0- 
Asphalt cement for use as poured joint filler. ...................-.------ 
Refined tar for use as poured joint filler.............0..20ccceeceeeeeeeee 
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BricK PAVEMENT: 


Watrified: paving bricks: s.)si 25 eeeeeceee sen eee eee 
Granulated slacforicnsbion, oe ee eee 
Sand foricushigneet 2 Ik * Se se et As te BSE 
Grouting send sees ries. oo 058 oo ees cree er 
Asphalt cement for use as poured joint filler. ....---.-..--..----- 
Refined tar for use as poured joint filler........-....222222..2---. 


STONE BLOCK PAVEMENT: 


Stone: blocksietistesocce) let vse ab hota ctad islusi ieee 
Granulated slag forcushion: 231i. bs eurei tb iee os mithiplos Sao ieee 
Sand foricushions 7920: (ii i. St eps SES e boa os ee 
Grouting sa nGses see en mis See tn nasise ot eee ee 
Asphalt cement for use as poured joint filler. ...-.............--- 
Refined tar for use as poured joint filler..............-----..----- 
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PURPOSE OF THE STUDY. 


This publication on the mechanical properties of wood makes 
available for general use data which will serve as a basis for (1) the 
comparison of species, (2) the choice of species for particular uses, 
and (8) the establishment of correct working stresses. 

The increasing scarcity of many species of timber which had become 
more or less standard in various wood-using industries is opening 
the field for other species. Through long use the properties which 
make the standard species valuable for a particular purpose are quite 
well understood, but it is doubtful if many manufacturers know to 
what extent other species possess those same qualities and to what 
extent they might replace the standard species. Present conditions 
will not permit long, tedious, and expensive experiments with com- 
mercial forms to establish new species in the industries; and to avoid 
this it is necessary to have definite information and data on both the 
new and the old species. With such test data at hand it is possible 
to compare the properties of a known species with those of any other. 
The possibility of substitution generally reduces to the few species 
which possess qualities approaching those previously in use. If the 
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properties making a particular wood valuable for a certain purpose 
are known, the comparison is made the easier. 

As an example of the foregoing, suppose it is desired to find a wood 
for floormg for use in the place of maple. For floormg, hardness 
is the ruling factor, providing, of course, the wood possesses other 
strength properties to a reasonable degree. Using hardness as a 
basis for comparison, white oak should be as good or better than 
maple for flooring, which is true. Usimg modulus of rupture, which 
is a very important strength value in structural material but of very 
little importance in flooring, as a basis for comparison, longleaf pine 
or Douglas fir would unjustly be given preference to oak. 

In addition to their value in expediting the search for substitute 
woods, the data presented in this bulletin are of use to manufacturers 
and others in furnishing definite information concerning the proper- 
ties of all commercial woods. This information is used in many 
different ways, several of which are briefly discussed in the following 
paragraph. 

Tn the preparation of specifications and grading rules for structural 
timber it is essential to know the relation between physical and 
mechanical properties, and the results of the tests here reported have 
been used by a number of associations and societies in preparing 
such rules. They are also used by architects and engineers in deter- 
mining safe working stresses for wood in structures, in connection 
with tests upon full-sized members. In the case of new uses for wood, 
which frequently arise in special constructions, such as airplanes, for 
instance, these data are of much help in selecting the species which 
have the specific properties best fitting them for these uses. 

In order to cover the ground successfully, this bulletin must: fur- 
nish information on all mechanical properties of wood; and with that 
end in view no effort has been spared in making a complete compila- 
tion of the information at hand. There are few uses of timber where 
at least some of the properties given in the table are not of importance. 

The Forest Service tests are standardized and the data contained 
herein on any one species are directly comparable with similar data 
on any other species listed. These tests obviously eliminate a great 
amount of duplication which would result from individual investi- 
gations. Industries anxious to find new species to supplant waning 
supplies of present material would doubtless make tests adapted 
to their own particular purpose which would probably throw no 
light on other properties valuable for uses not in their line. In many 
cases the tendency would be to keep secret such findings in order to 
meet more effectively competition from other firms; and even 
though the data from all such individual tests were available, an intel- 
ligent comparison of species could not be made because of the lack 
of standardization of methods of test. 
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SCOPE AND METHOD OF EXPERIMENTS. 
ORIGIN OF DATA. 


The data in this bulletin are based upon about 130,000 tests, 
probably the greatest number ever made in one series upon any ma- 
terial, For this reason, and for others explained later, the data are 
the most thorough and accurate that are available on the mechanical 
properties of American woods. The tests were begun about six years 
ago at the Forest Products Laboratory, which is maintained by the 
United States Forest Service with the cooperation of the University 
of Wisconsin. One hundred and twenty-six species of wood have 
been tested, and it is planned to continue the series until all species 
which are important, or which give promise of becoming so, have 


been included. 
SMALL CLEAR SPECIMENS USED. 


Small clear specimens are used in the tests in order that considera- 
tion of the influence of defects may be eliminated from calculations 
to determine the relation between strength and density, moisture, 
locality of growth, soil conditions, etc. These various relations are 
referred to in the present bulletin, however, only when it is necessary 
in order to render the data thoroughly understandable. The speci- 
mens are 2 by 2 inches in cross section. Bending specimens are 30 
inches long; others shorter, depending on the kind of test. 


SELECTION OF MATERIAL. 


The material for any given species and locality is cut from typical 
trees, usually five in number. These are selected by representatives 
of the Forest Service, careful descriptions being made of each tree and 
of the conditions under which it has grown. As a rule the test 
specimens are taken from the top 4 feet of the 16-foot butt log. The 
number of test specimens from each tree varies from 40 to 120, 
depending on the size of the tree. Eventually each important species 
will be represented by tests from at least five typical trees from each 
of several localities distributed throughout its range of growth. 


OTHER DATA INCLUDED. 


Data derived from tests previously made by the Forest Service and 
under practically the same conditions as the present series are in- - 
cluded in Tables 1 and 2. The tests were made at Purdue Univer- 
sity and at the Universities of Colorado, California, and Washington 
in cooperation with those institutions. 


TESTS ON LARGE TIMBERS. 


A large number of tests have also been made by the Forest Service 
on full-sized timbers, such as bridge stringers, factory-building tim- 
bers, and car sills. These tests have demonstrated the influence of 
defects such as knots, shakes, and checks on strength, and they serve 
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as a guide to the use of datafrom tests on small specimens in estab- 
lishing working stresses and grading rules for structural timbers. The 
results of tests of this kind on a number of species have already been 
published. (See list of publications, p. 46.) 


PRECAUTIONS TO BE OBSERVED IN THE USE OF THE DATA. 


Careful attention must be given to the natural variability of timber 
in order to make correct use of timber-test data. The following sug- 
gestions are offered as a guide to the use of the data given herein. 
Definitions of the various technical terms, with illustrations, are given 
on pages 7 to 18. 

COMPARISON WITH DATA IN OTHER PUBLICATIONS. 


In comparing the data in this publication with those in other pub- 
lications, it must be kept in mind that scarcely any two series of 
tests have been made under the same conditions and that very fre- 
quently so little is specified concerning the character of the material 
and the methods of test as to make close comparisons impossible. <A 
specific instance is furnished by the results of Sargent’s tests! and 
those given in Forest Service Circular 15. These two publications 
are chosen as illustrations because of the numerous attempts which 
have been made to compare the figures in them with each other and 
with those obtained under the present series. Sargent made about 
2,700 tests on 300 species of American woods; but he did not take 
into account what may have been relative large variations in mois- 
ture content, and he selected his specimens from the lower end of the 
butt logs—in most cases the best although most variable portion of 
the tree. The lack of data upon moisture content is an insurmount- 
able barrier to comparison with the present series, since differences 
of moisture content between two groups of tests may be sufficient 
to cause as much as 100 per cent difference in the strength data. 
Circular 15, ‘Summary of Mechanical Tests on Thirty-two Species of 
American Woods,” containing the results of about 30,000 tests, takes 
moisture into consideration, but allows of no comparison with the 
present series because of the selection of material with defects as 
found in the tree. Since no record of the extent or position of these 
defects in the test piece are now available, no estimate can be made 
as to the strength of the clear wood. 

Data from other publications of the Forest Service which are 
known to be strictly comparable to those obtained from the present 
series of tests are included in Tables 1 and 2. The reader is cautioned 
against any attempt at the comparison of the data in this publication 
with those in any previous one dealing with tests on small clear 
pieces. 


1 Made for the Tenth United States Census, and results published in Vol. IX of the Tenth Census 
Reports. 
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Also, in making comparisons, it is important that the data should 
really be representative of the classes of material which it 1s proposed 
to compare. For example, it is not just to take the figures derived 
from Rocky Mountain Douglas fir, which is known to be inferior to 
the Pacific coast type,' as representative of the coast fir. Nor in 
general can a comparison of species properly be made from results of 
tests on large timbers alone; for in practically all cases the large 
timbers tested have not been selected as representative of the species, 
but have been chosen to determine the effect of defects, the effect of 
preservative treatment, or for the solution of other and similar 
problems. 

Comparisons should not be made with greater refinement than the 
data justify. The change which additional tests would probably 
make in the average values and the probable variation of a given 
stick or lot of material from these average values should be considered. 
Numerical measures of these probable variations are given in Table 3. 


CAUSES OF VARIATIONS IN STRENGTH. 


Variations in strength of timber can be accounted for more accu- 
rately than is usually supposed. In some species there is a difference 
in strength in wood from different positions in the tree, different 
localities of growth, etc. But such variations have been overesti- 
mated, and a knowledge of them is not essential in order to estimate 
with a fair degree of accuracy the properties of a piece of timber. 
Differences in strength are usually due to differences in defects, 
moisture content, or density, or to combinations of these. 

Defects are not considered in this publication. Their effects on 
structural timbers are discussed in Forest Service Bulletin 108; and 
limitations on their size, character, and location are given in the 
erading rules for structural timber which have been recommended 
by the Forest Service.” 

Differences of moisture content cause considerable variation in the 
strength values of air-dry or partially air-dry material, but have no 
effect as long as all material is thoroughly green. 

One of the principal factors causing differences in strength is 
variable density. As might be expected, the greater the density of a 
given stick or the more wood it has * per unit volume, the stronger is 
the stick. 


1 See also ‘‘ Localities Where Grown,”’ p. 8. 

2See ‘‘Discussion of the Proposed Forest Service Rules for Grading the Strength of Southern Pine 
Structural Timbers,” by H. S. Betts, Proceedings of Am. Soc. for Test. Materials, Vol. XV, 1915, p.368. 

3 Accurate determinations made at the Forest Products Laboratory on seven species of wood, including 
both hardwood and coniferous species, showed a range of only about 43 per cent in the density of the wood 
substance, or material of which the cell walls are composed. Since the density of wood substance is so 
nearly constant, it may be said that the density or specific gravity of a given piece of wood is a measure 
of the amount of wood substance contained in it. 
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MISUSE GF TERMS. 


Considerable confusion often arises from the use of general terms 
in a limited sense, or with different meanings by different persons. 
For instance, strength, in the broad sense of the word, is the summa- 
tion of the mechanical properties or the ability of a material to resist 
stresses or deformations of various sorts. While such properties as 
hardness, stiffness, and toughness are not always thought of in con- 
nection with the term “strength,” they are unconsciously included 
when, in a specific instance, they are important. This may be 
illustrated by some comparisons of oak and longleaf pine. For 
floor beams or posts, the pine, because of its strength and stiffness as 
a beam, has a slight advantage over the oak and is considered 
“stronger.” For handles, vehicle or implement parts, oak, because 
of its greater toughness, or shock-resisting ability, is decidedly 
superior to the pine and is considered “‘stronger.’’ ‘Thus it is seen 
that the term ‘‘strength’’ may refer to any one of many properties 
or combinations of properties, and is necessarily indefinite in meaning 
unless so modified as to indicate one particular thing. To say, then, 
that one species is stronger than another is a meaningless statement 
unless it is specified in what particular respect it excels. 

The term strength, in its more restricted -sense, is the ability 
to resist stress of a single kind, or the stresses developed in one 
kind of a constructional member, as strength in shear, strength 
in compression, strength as a beam, strength as a column. Used in 
this way, the term is specific and allows no chance of confusion. 


RELATION OF PROPERTIES TO USES. 


There are many properties of wood, such as taste imparted to 
foodstuffs, odor, ease of working, ability to take finish and to main- 
tain shape, resistance to decay, etc., which, of course, are not given 
in the accompanying tables, but which are very important in some 
uses to which timber is put. In very few instances will strength 
data of themselves be sufficient to determine the value of a species 
for a given use. 

There are few, if any, cases in which two species haye all the various 
properties to the same degree or in the same relative proportion. 
This fact accounts for the special uses of the different species and for 
the difficulty in finding substitutes for certain species in particular 
uses. Confusion arises from comparing species for a certain use upon 
the basis of properties or strength values which are not of first 
importance in that use. The most important strength values are: In 
large beams, modulus of rupture, modulus of elasticity, and shear; in 
long columns, modulus of elasticity and crushing strength in com- 
pression parallel to grain; in material for spokes, tongues, or poles, 
ax handles, etc., modulus of rupture, modulus of elasticity, work to 
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maximum load in static bending, and height of drop in impact. In 
flooring, the desirable properties are hardness and slight shrinkage. 


DATA ON GREEN TIMBER. 


Table 1 gives the values obtained from tests on green material. 
It will be noted that there is a large variation in the moisture content 
of the various species. All, however, were tested at approximately 
the moisture content of the living tree and are well above the limit 
below which differences in moisture content produce differences in 
strength. Table 1 is more reliable than Table 2, because it is based 
on a much larger number of tests and on tests which are not in- 
fluenced by variations in moisture content. 


DATA ON AIR-DRY TIMBER. 


Table 2, which gives the values obtaimed in tests of air-dry timber, 
should be considered as supplementary to Table 1. This table is 
necessary because the properties of all species are not changed in the 
same proportion by drying and all the properties are not equally 
affected. | 

Some of the properties of air-dry wood are subject to rapid change 
with change in moisture content. For this reason it is necessary in 
comparing species on the basis of Table 2 to make proper allowance 
for whatever differences may be shown in the column of moisture 
content. Table 3 includes figures showing the approximate changes 
which are made in the various properties of air-dry wood by the 
addition or subtraction of. 1 per cent of moisture. 

It will be noted from Tables 1 and 2 that in most properties the 
dry material excels the green. In structural design, however, no 
allowance should be made for such increase in strength, because in 
large timbers it is a very indefinite quantity. The imcreased strength 
of the wood fibers is usually offset by checks and other defects result- 
ing from drying. Moreover, many structural timbers are subject to 
moisture changes, and the outer fibers may at any time become wet 
enough to reduce the mechanical properties to the level of those of 
green timber. For these reasons the strength of green material 
should be made the basis of stresses to be used in structural design. 


EXPLANATION OF TABLES 1 AND 2. 
(See tables on pp. 27 and 37.) 
NAMES OF SPECIES. 


Many of the species have numerous common names, and not 
infrequently one common name is applied to several species. This 
leads to so much confusion that it is necessary to refer to a standard 
nomenclature. The common and botanical names used in the tables 
are those given in Forest Service Bullet 17, ‘‘Check List of the 
Forest Trees of the United States.” 
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LOCALITIES WHERE GROWN. 


In the second column of the tables are listed the States in which the 
test specimens originated. The locality of growth has in some cases 
an influence on the strength of timber. This influence is, however, 
usually overestimated; just as great differences exist ordinarily 
between stands of different character grown in the same section of 
the country as between stands grown in widely separated regions. 
For this reason it is considered better to average the various localities 
together. Douglas fir, however, has not been averaged in this man- 
ner. Silviculturists have recognized that there are two well-marked 
types + and various intergradations of Douglas fir. Strength tests 
confirm this fact and show that there is actually a difference in strength 
between the Rocky Mountain and Pacific Coast types of Douglas 
fir. For this reason averages are given for the Coast and for the 
Rocky Mountain regions rather than for the species as a whole. 


NUMBER OF TREES. 


The number of trees from which test specimens were taken is given 
in the third column of Table 1. As previously mentioned, five is the 
usual number from a single locality. 


NUMBER OF RINGS PER INCH. 


Rings per inch is an inverse measure of the rate of growth. It is 
taken along a radial line on the end section of each specimen. One 
ring, consisting of a band of springwood and a band of summerwood, 
is formed by each year’s growth; consequently, few rings per inch 
indicate fast growth, and vice versa. 

Rate of growth is extremely variable, and the values given are to 
be taken as averages of the material tested only. Rate of growth 
has no definite relation to strength in the sense of strength bemg in 
proportion, either directly or inversely, to the rate of growth. Tim- 
ber of any species which has grown with exceptional slowness is 
usually below the average of the species in strength values. In the 
coniferous species material of very rapid growth is also very likely 
to be below the average in strength. Among many of the hardwood ? 
species, however, timber of rapid growth is usually above the average 
in strength properties. 


1 See Forest Service Circular 150, “Douglas Fir: A Study of the Pacific Coast and Rocky Mountain 
Forms.”’ 

2 A broad classification of timber species divides them into two groups: (1) Angiosperms, or trees with 
broad leaves, usually deciduous, the so-called “‘hardwoods”’; (2) gymnosperms, or trees with needle or 
scalelike leaves, usually evergreen, most of them cone bearing, the so-called ‘“‘softwoods.”” The two groups 
are popularly spoken of as “hardwoods” and “‘softwoods,”’ or “hardwoods’’ and “conifers.”? The terms 
“hardwoods” and “softwoods” are therefore indicative of botanical classification and are not descriptive 
of the quality of the wood with respect to hardness. Such “hardwoods” as basswood and aspen are low 
in the scale of hardness; while the southern pines, tamarack, larch, and others, although called “softwoods,”, 
are quite hard. 
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SUMMERWOOD. 


The amount of summerwood is expressed in per cent of the entire 
cross section. (See definition of summerwood, p. 23.) Itis measured 
along a representative radial line. 

In many species the proportion of summerwood is indicative of the 
density; and different proportions of summerwood are usually accom- 
panied by different densities and strength values. When the change 
from springwood to summerwood is not marked or the contrast 
between them is not sharp, no accurate measurement can be made 
and the results have no practical value. 

In southern yellow pine and Douglas fir, one-third or more summer- 
wood, except when associated with rapid irregular growth, indicates 
material of a quality suitable for use as structual timber. 


MOISTURE CONTENT. 


Moisture content is the weight of water contained in the wood, 
expressed in per cent of the oven-dry weight of the wood. Moisture 
content is determined by weighing a small section of the test specimen 
and then drying it at 100° C. in freely circulating air until its weight 
becomes constant; the loss of weight is then divided by the dry weight 
to give the proportion of moisture, and this is usually expressed in 
per cent of the dry weight. Consequently, ‘‘moisture”’ as deter- 
mined includes any other subehonces besides water volatile at 100° C. 
which may be in the wood. 

The various species differ widely as to the amount of moisture 
contained in the wood of the living tree. For example, white ash and 
black locust are always comparatively dry; black ash and the oaks 
have about twice, and chestnut and buckeye three times, as much 
water as white ash. The coniferous species also show wide range in 
moisture content. White and red cedars are comparatively dry; 
cypress and white fir contain large amounts of water. 

Moisture content sometimes varies with position in the tree. Most 
coniferous species have a large proportion of moisture in the sapwood 
and a much smaller proportion in the heartwood. In some the heart- 
wood is very wet at the base of the tree, but comparatively dry higher 
up. Most hardwoods, or broad-leaved species, show a fairly uniform. 
distribution of moisture throughout the tree. 


SPECIFIC GRAVITY. 


Specific gravity is the weight of any given substance divided by the 
weight of an equal volume of pure water at its greatest density. 
Obviously, the weight of wood in a given volume changes with the 
shrinkage and swelling caused by changes in moisture. Consequently, 
specific gravity is an indefinite quantity unless the circumstances 
under which it is determined are specified. Each of the columns 
91728°—Bull. 556—17——2 
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of specific gravity figures given in this table is based on the weight of 
the wood when oven dry and on its volume when green or at a 
specified stage of drying. 


SPECIFIC GRAVITY BASED ON VOLUME WHEN GREEN. 


In the determination of the figures for specific gravity based on 
volume when green the test specimens are weighed and measured 
when green. Their oven-dry weight is then computed by dividing 
the weight when green by 1 plus the proportion of moisture, moisture 
being determined as described in previous paragraphs. The specific- 
eravity data based on green volume are more reliable than the data 
based on air-dry or oven-dry volume because they are based on the 
largest number of determinations, and these determinations are 
unaffected by the shrinkage of the wood. Specific gravity so deter- 
mined is, aside from actual strength data, the best criterion of the 
strength of tlear wood of any species. 

It has been found that in oak, more than in any other species or 
eroup of closely related species, pieces of the same density may vary 
widely in mechanical properties. Occasional very dense pieces of oak 
are for some unknown reason low in strength; but in all species 
specimens of low density are invariably weak. 


SPECIFIC GRAVITY BASED ON AIR-DRY VOLUME. 


Specific gravity based on air-dry volume is obtained in the same 
manner as that based on volume when green, except that the volume 
measurements are made after the material has been air dried. The 
data in the tables are less reliable than those for the specific gravity on 
green volume because they are based on fewer determinations and are 
affected by variations in the shrinkage which has taken place. 


SPECIFIC GRAVITY BASED ON OVEN-DRY VOLUME. 


In determining the specific gravity based on oven-dry volume, the 
volume as well as the weight is taken after the specimens are dried 
to a practically constant weight in air at 100° C. The difference 
between specific gravity based on green volume and that on oven-dry 
volume is due to the shrinkage, and one may be determined from the 
other if the shrinkage in volume is known. Specific gravity on oven- 
dry volume = specific gravity based on volume when green + (1 — 
the shrinkage.) 

The specific gravity based on volume when oven dry and the shrink- 
age in volume (see columns 8 and 10, Table 1) determinations were 
made on the same specimens, of which there were usually four from 
each tree. The specific gravity based on green volume was deter- 
mined from a much larger number of specimens and is consequently 
somewhat more reliable. Because these two specific gravities were 
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determined from different specimens the equation given at the end of 
the preceding paragraph does not hold exactly when applied to the 
data in columns 7, 8, and 10 of Table 1. 


WEIGHT PER CUBIC FOOT. 


Weight per cubic foot, like specific gravity, is a very indefinite 
quantity unless the circumstances under which it is determined are 
specified. The variability is also large, as may be realized from a 
consideration of the following: The specific gravity of some speci- 
mens may be twice that of others of the same species; occasionally a 
piece may contain nearly as much resin as wood; the moisture con- 
tent may be as little as 4 or 5 per cent of the dry weight of the 
wood in the case of kiln-dry lumber, or it may be as great as 200 per 
cent in green timber, as is occasionally the case in the sapwood of 
some of the coniferous species. 


WEIGHT PER CUBIC FOOT GREEN. 


Weight per cubic foot green is the weight per cubic foot of the 
wood (including moisture) as it comes from the living tree. The 
various species differ largely as to the wetness of the green wood. 
The hardwoods as arule do not exhibit any considerable variation 
with. the position in the tree. The conifers, on the other hand, show a 
wide variation in moisture content between the heartwood and sap- 
wood and, in some instances, between wood from the upper and lower 
parts of the tree. Tamarack and cypress, however, have a compara- 
tively uniform moisture content throughout the tree. Sugar pine 
and western larch are frequently very heavy because of moisture and 
resin at the butt. Longleaf pine and some other species have a very 
low moisture content in the heartwood, while the sapwood is very 
wet. When this is the case, young thrifty trees with a large propor- 
tion of sapwood are much heavier than old overmature trees with a 
small amount of sapwood. 

Variations of 4 per cent above or below the averages given are to 
be expected in any lot of material of a species which has fairly uniform 
moisture content. If the species is one that does not have a uniform 
distribution of moisture, about twice as great a variation may be 
expected. Under exceptional conditions the weight of green timber 
of some of the conifers may vary as much as 30 per cent from the 
- average. 

WEIGHT PER CUBIC FOOT AIR DRY.! 


The weights given for air-dry wood are for wood with 12 per cent 
moisture. A variation of 4 per cent in any given lot of material 
even at this moisture content is to be expected. Large timbers 


1See definition of air dry (glossary, p. 20). 
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ordinarily have more than 12 per cent moisture and average from 
10 to 15 per cent heavier than the listed weights. 


SHRINKAGE FROM GREEN TO OVEN DRY. 


When wood is dried below the fiber saturation point (see glossary, 
p. 21), shrinkage begins and continues until the moisture 1s all driven 
off. Shrinkage along the length of timber is very small. Shrinkage 
in directions at right angles to the grain is very much greater and 
varies from 2 or 3 per cent to about 20 per cent. Radial shrinkage 
is about three-fifths as great as tangential shrinkage (see glossary, 
pp. 22 and 23.) Shrinkage in volume is of course the resultant of 
shrinkages along the fibers and in the radial and tangential direc- 
tions. However, shrinkage in volume and radial and tangential 
shrinkages were independently determined in the present series of 
tests. The first was determined from four specimens, and each of the 
others from one specimen from each tree. 

All shrinkages given are expressed in percentages of the original 
or green dimensions, and are total shrinkages to zero moisture 
Shrinkage to an air dry condition of about 12 per cent moisture is 
sometimes more and sometimes less than half the total shrinkage. 
At about 12 per cent moisture the volume changes by about one- 
half of 1 per cent for each moisture content change of 1 per eent. 
Shrinkage in volume is important in measuring cordwood. 

Radial shrinkage is the measure of the change in width of a quarter- 
sawed or edge-grain board. In most species at about 12 per cent 
moisture a moisture content change of 1 per cent may be expected 
to cause a change of about three-sixteenths of 1 per cent in the 
width of sucha board. This is equivalent to three thirty-seconds of 
an inch change in the width of a 10-inch board for a 5 per cent 
change in moisture (5X 7g per cent of 10 inches =; of an inch). 

Tangential shrinkage is the measure of the change in width of a 
flat sawed board. At about 12 per cent moisture a moisture content 
change of 1 per cent may be expected to cause a change of about ~ 
five-sixteenths of 1 per cent in the width of such a board, which is 
equivalent to five thirty-seconds of an inch change in the width of 
a 10-inch board for 5 per cent change in moisture. 

Both radial and tangential dhsinkacieg are important in flooring, 
fixtures, and any construction which is to remain well joined ie 
ehaneine atmospheric conditions. 


STATIC BENDING. 


In the static bending test a 2 by 2 by 30 inch beam is supported 
over a 28-inch span. dead is appled to its center and at a 
constant rate of deflection until the beam fails. Readings of load 
and deflection are taken simultaneously. 
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STATIC BENDING TEST. 
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The values derived from this test are applicable to beams of any 
size by the use of the formule given on page 24, except for the de- 
fects that occur in the larger sizes. 

In all cases it is best to use the results from tests of green material 
in determining allowable working stresses in large timbers, since 
defects are usually introduced in drying large timbers with the result 
_that often there is no increase of strength. However, timbers which 
are always dry may be allowed a slightly higher stress than those 
exposed to the weather or subject to moisture. 


FIBER STRESS AT ELASTIC LIMIT. 


Fiber stress at elastic limit (see definition, p. 21) is very important 
in determining the proper working stresses for a beam. A beam 
loaded to its elastic limit in static bending for a short time will 
recover its form immediately upon removal of the load. If the 
same load is allowed to remain, complete failure will ultimately 
result. Consequently, the necessity of keeping working stresses 
below the elastic limit is apparent. It is recommended, however, 
that working stresses be calculated not from the elastic hmit, but 
from the modulus of rupture, and for the following reasons: There is 
a personal element in determining the elastic limit; shght inaccuracies 
in measurements of deflections often cause considerable error in 
elastic limit values; defects in structural timbers may be such that, 
in testing, certain portions are stressed to or beyond the elastic 
limit without discovery; and there is an element of safety in the 
differential of strength between the elastic limit and modulus of 


rupture values. 
MODULUS OF RUPTURE. 


Modulus of rupture is the computed fiber stress in the outermost 
fibers of a beam at the maximum load and is a measure of the ability 
of a beam to support a slowly applied load for a very short time. 
The formula by which modulus of rupture is computed is the same 
as that for fiber stress at elastic limit, the maximum load being 
substituted for the elastic limit load. The assumptions on which 
this formula are based hold only up to the elastic limit, hence modu- 
lus of rupture is not a true fiber stress. It is, however, a universally 
accepted term, and the values are quite comparable for various 
species and sizes of timber. It is a definite quantity, and the per- 
sonal factor does not enter to any great extent into obtaining it. 
It is consequently not so subject to error as the fiber stress at elastic 
limit, and for that reason is used more than any other value to 
represent the strength of wood. Modulus of rupture should always 
be considered in calculating the strength of beams to be used as 

stringers, floor joists, etc. A green structural timber, if compara- 
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tively free from defects, can be expected to have a modulus of 
rupture about three-fourths as large as that of small clear pieces cut 
from it. 

The modulus of rupture of small clear individual pieces will occa- 
sionally vary more than 40 per cent above or below the average 
modulus of rupture. Pieces giving very low values are almost 
invariably lacking in density, while very strong pieces are excep- 
tionally dense. 

Figures on the variation of modtlus of rupture are given in 
Table 3. x 
Safe working stresses for carefully selected structural timbers, 
with all exceptionally light pieces excluded, subjected to bending 
in dry interior construction and where only small deflections are 
allowable are about one-fifth the modulus of rupture values given 
in the table for green material. (Table 1.) In some interior con- 
struction where beams may be allowed to sag somewhat without 
damage, the working stresses may be slightly increased. But for 
timbers used in bridges or other structures exposed to moisture, the 
working stress should be slightly lower. However, beams can not 
be correctly designed on the basis of outer fiber stress in bending 
alone. Strength in longitudimal shear must also be taken into 

account. (See p. 17 for allowable shearing stress.) 


MODULUS OF ELASTICITY. 


The modulus of elasticity is a measure of the stiffness or rigidity 
of a material. In the case of a beam modulus of elasticity is a 
measure of its resistance to deflection. The formula (see p. 24) 
connecting modulus of elasticity, load, and deflection shows that 
the deflection under a given load varies inversely as the modulus 
of elasticity; that is, a beam with a high modulus deflects but little. 
Modulus of elasticity is of value in computing the deflections of 
joists, beams, stringers, etc., and in computing safe loads for columns. 
The values given are derived from the static bending test, but are 
applicable to both beams and columns. 

In building construction the means by which the various members 
are held in place, inequalities in workmanship on the various parts, 
differences in the quality of the timber in all parts of the structure, 
and shrinkage due to the adjustment of the moisture content of 
the various members to that of their surroundings give rise to 
unequalized local stresses, often very large. When these stresses 
become equalized through the gradual readjustment of the mem- 
bers, deflections greater than those calculated from the average 
moduli of elasticity will be found. For this reason it is good prac- 
tice in the design of structures to use values for moduli of elasticity 
about one-half those given in Table 1. 
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WORK TO ELASTIC LIMIT, 


Work to elastic limit in static bending is a measure of the work 
which a beam is able to resist or the shock which it can absorb 
without being stressed beyond the elastic limit as determined under 
slowly applied loads. 


WORK TO MAXIMUM LOAD. 


Work to maximum load in static bending represents the ability of 
the timber to absorb shock with aslight permanent or semi-permanent 
deformation and with some injury to the timber. Wood, especially 
in small sizes, can be bent somewhat beyond its elastic limit with only 
slight injury if the load is removed at once. Work to maximum load 
is a measure of the combined strength and toughness of a material 
under bending stresses. Superiority in this quality is the character- 
istic which makes hickory better than ash, and oak better than 
longleaf pine, for such uses as handles and vehicle parts. Many 
species yield butt cuts that exceed upper cuts in combined strength 
and toughness, hickory showing this characteristic most markedly. 

.The superiority of butt cuts of hickory to upper cuts for ax handles 
is well known to experienced woodsmen. 


IMPACT BENDING. 


The impact bending test is made upon a beam 2 by 2 by 30 inches 
over a 28-inch span. A 50-pound hammer is dropped upon the stick 
at the center of the span, first from a height of 1 inch, next 2 inches, 
etc., up to 10 inches, then increasing 2 inches at a time until complete 
failure occurs. The deflections of the specimen are recorded on a 
revolving drum by a pointer attached to the hammer. This pointer 
also records the position the specimen assumes after the shock. 
Thus data are obtained for determining the various properties of the 
wood when subjected to shock. 


FIBER STRESS AT ELASTIC LIMIT. 


Fiber stress at elastic limit is the greatest stress to which a timber 
may be subjected under impact loading and recover immediately. 
Fiber stress at elastic limit in impact is approximately double the 
fiber stress at elastic limit in static bending. This is an expression 
of the fact that a small beam, if suddenly strained, bends approxi- 
mately twice as far to the elastic limit as when loaded slowly. (See 
also fiber stress at elastic limit, p. 13.) 


WORK TO ELASTIC LIMIT. 


Work in bending to the elastic limit in impact is a measure of the 
ability of a timber to absorb shock and recover therefrom imme- 
diately and without injury. The values apply only to resistance 
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to falling bodies or to other conditions in which the stress is applied 
and relieved in one-twenty-fifth of a second or less. It represents a 


quality important in tool handles and in athletic goods, such as base- 
ball bats. 


HEIGHT OF DROP. 


Height of drop is the maximum or last drop of the hammer. It 
represents a quality important in articles which are occasionally 
stressed under a shock beyond their elastic limit, such as handles and 
vehicle and implement parts. 


COMPRESSION PARALLEL TO GRAIN. 


In the compression parallel to grain test a 2 by 2 by 8 inch block is 
compressed in the direction of its length. Deformation is measured 
between two collars attached 6 inches apart to the specimen. 


FIBER STRESS AT ELASTIC LIMIT. 


Fiber stress at elastic limit in compression parallel to the grain is 
not much used because in most cases it Is more convenient to use 
maximum crushing strength, which is less variable and easier to 
obtain. The value is important in the derivation of safe working 
stresses for structural timber. (See also fiber stress at elastic limit, 
glossary, p. 21.) 

MAXIMUM CRUSHING STRENGTH. 


The maximum crushing strength is the maximum ability of a short 
block to sustain a slowly applied load. It is obtained by dividing 
the maximum load obtained in the test by the area of cross section 
of the block. This property is important in estimating the strength 
of columns. 

Tests of the crushing strength, because of their simplicity, are 
frequently the only tests used in studying the effect of various 
influences or processes on strength. Crushing strength is not neces- 
sarily representative of the other strength properties; consequently, 
when used alone, it will occasionally lead to erroneous conclusions. 
For instance, it was found that the crushing strength of some timbers 
was increased 10 per cent by a certain heat treatment. Other tests, 
however, revealed the fact that their resistance to shock had been 
reduced about 50 per cent. ; 

A safe working stress for carefully selected structural timbers used 
as columns and in dry interior construction, all exceptionally light 
pieces excluded, is about one-third the crushing strength as given 
in the table for tests on green materials (Table 1). If the column is 
longer than about 10 times its least diameter, some formula should 
be used which will take care of the increased stress which would be 
caused by eccentric loading or by the bending of the column. (Such 
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formule are discussed in the various textbooks on mechanics and 
strength of materials.) 


COMPRESSION PERPENDICULAR TO GRAIN. 


In the compression perpendicular to grain test, a block 2 by 2 
inches in cross section and 6 inches long is laid upon its side and 
pressure applied to it through a cast-iron plate 2 inches wide laid 
across the center of the piece and at right angles to its length. Hence 
but one-third of the surface is directly subjected to compression. 

The only strength value obtained in this test is the fiber stress at 
elastic limit. It represents the maximum stress which can be applied 
to the timber without injury. It is important in computing the 
bearing area for beams, stringers, joists, etc., and in comparing 
species for railroad ties. 

Two-thirds of the fiber stress at elastic limit, as given in the table 
for tests on green material, may be used as a safe stress in dry interior 
construction. 

HARDNESS. 


Hardness is tested by measuring the load required to embed a 
0.444-inch ball to one-half its diameter in the wood. ‘This test is a 
modification of one originated by Janka.! 

The hardness test is applied to end, radial, and tangential surfaces 
of the timber. There is no consistent difference between radial and 
tangential hardnesses and they are averaged and tabulated as ‘‘side 
hardness.”’ End hardness is usually greater than side hardness. 
The quality represented by these figures is important in wocds for 
paving blocks, railroad ties, furniture, flooring, etc. 


SHEARING STRENGTH PARALLEL TO GRAIN. 


The shearing test is made by applying force to a 2 by 2 inch lip 
projecting from the side of a block. The shearing stress is the maxi- 
mum foree required to shear off the projection divided by the area 
of the plane of failure. 

Shearing strength parallel to the grain is a measure of the ability 
of timber to resist slipping of one part upon another along the grain. 
Shearing stress is produced to a greater or less degree in most uses 
of timber. It is most important in beams, where it is known as 
horizontal shear—the stress tending to cause the upper half of the 
beam to slide upon the lower. It is also important in the design of 
various kinds of timber joints. 

— Only about one-eighth of the values given in the table for green 
material (Table 1) should be used as allowable stress in horizontal 


i“ Die Harte des Holzes,”’ by Gabriel Janka, k.k. Forst-und Domiincnverwalier: Mitteilung der k. k. 
forstlichen Versuchsanstalt in Mariabrunn, Wien, 1906. 
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shear in beams. For small details, in timbers unaffected by shakes 
or checks, the allowable stress may be taken as one-fourth the value 
listed for green timber. 


TENSION PERPENDICULAR TO GRAIN. 


The tension perpendicular to grain tests are made on specimens 
2 inches square and 24 inches long, the tension area bemg 1 by 2 
inches. The tension force is applied perpendicular to the grain. 
The values are of use in estimating the resistance of timber to the 
splitting actions of bolts and other fastenings. A factor of 5 should 
be applied to the values in Table 1 to get the allowable stress for 
design; i. e., one-fifth the values given in the tables. 


EXPLANATION OF TABLE 3. 


(See table on p. 45.) 


The figures in Table 3 are presented as an aid to the interpreta- 
tion of data given in Tables 1 and 2 and are explained as follows: 


COLUMN 2. 


The figures given in column 2 are to be applied to the data in 
Table 2. They are, of course, only approximate, as the exact vari- 
ation of any property with change in moisture content is different 
for each species! They will assist in rendering more nearly com- 
parable data which are noncomparable because of differences of 
moisture. 

ixample: It is desired to compare the modulus of rupture of air- 
dry locust with that of air-dry bitternut hickory. The -hickory 
has a modulus of rupture of 18,850 at 9.2 per cent moisture and the 
locust a modulus of rupture of 20,700 at 10 per cent moisture (See 
Table 2). According to Table 3, a 1 per cent change of moisture 
causes a 4 per cent change of moduius of rupture. Changing the 
hickory from 9.2 to 10 per cent moisture will decrease the strength 
by (10 — 9.2) x 4 per cent = 3.2 per cent; 3.2 per cent of 18,850 = 
600. Then the moduli or rupture of black locust and bitternut hick- 
ory, when placed on a comparable basis, each being at 10 per cent 
moisture, are 20,700 and 18,250 pounds per square inch, respectively. 
The accuracy of this moisture reduction is greatest across small 
intervais. As the interval or difference of moisture increases the 
accuracy becomes less. 

COLUMN 3. 

Study of the data presented in this bulletin has shown that each 
of the shrinkage and strength properties of a given species can be 
estimated with fair accuracy from the average specific gravity, 
since each varies according to some power of the specific gravity. 


1 See Forest Service Bulletin 70 and Circular 108, 
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This power is given in column 3. Suppose, for example, it is de- 
sired to estimate the comparative strength in modulus of rupture 
and work to maximum load of a stick of timber whose specific gray- 
ity is known to be 25 per cent above the average. Since modulus 
of rupture varies as the first and work to maximum load as the sec- 
ond power of the specific gravity (see Table 3), it is probable that 
the modulus of rupture and work to maximum load are, respectively, 
about 125 and 156 per cent (1.56 = 1.25") of the average values for 


the species. 
COLUMNS 4 AND 5. 


The figures in columns 4 and 5 are derived from the original data 
on which the averages given in Table 1 are based, by the use of the 
processes usually employed to determine the accuracy of experi- 
mental data. They are not to be taken as too rigidly applicable to 
these averages (Table 1), but are a convenient approximate measure 
of the reliability of the averages and of the probability that an 
individual tree of a given species will be of average quality in any 
given property. 

COLUMN 4. 


The probable error of the species average as given in this column 


is a measure of the reliability of the present averages and of the 


probable change in these averages by future tests. For example: 


The probable error in modulus of rupture is given as 4 per cent; 


this means that there is one chance in four that the present average 
modulus of rupture for a given species (Gf based on tests from five 
trees) is below 96 per cent (= 100 —4) of the true average, two chances 
in four that it is between’ 96 and 104 per cent of the true average. 
Tt follows that the two possibilities: (1) That the present average 
will be changed more than 4 per cent by future tests, and (2) that it 


will not be so changed, are equally probable. There is about one 


chance in 100 that the average will be changed by four times the 
probable error, or in this case 16 per cent. 

The figures given apply to cases where five trees have been tested. 
When the number tested is other than five the probable variation 


can be obtained from the rule that the probable variation varies 


inversely as the square root of the number of trees tested. For 
instance, if 20 trees have been tested, the probable variation of the 


average modulus of rupture is 55 x 4 per cent, or 2 per cent. 


COLUMN 5. 


Column 5 gives the probable variation from the species average of 
the average of tests from an individual tree taken at random. For 
instance, the figure given for modulus ot rupture is 9 per cent, which 
means that there is one chance in four that the modulus of rupture of a 
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tree taken at random will be below 91 per cent of the species average, 
one chance in four that it will be above 109 per cent, and two chances 
in four, or one chance in two, that it will be between 91 and 109 per 
cent of this average. There is also about one chance in 100 that 
the random tree will vary from the average an amount equal to four 
times the probable variation, or in this case 36 per cent. 


GLOSSARY. 


AIR DRY. 
(See p. 7.) 


Air-dry condition is the normal condition, with respect to moisture, 
of wood exposed to the air, although this condition may have been 
obtained by artificial means. The term “air dried’? means dried by 
exposure to the air, while ‘‘ kiln dried” indicates artificial drying. 

Air dry is a very general term and may mean any degree of dryness 
from about 6 per cent moisture, as in furniture stock, to over 30 per 
cent Moisture, as in timber dried to reduce its shipping weight. The 
degree of dryness in timber depends upon species, size, and the con- 
ditions under which the material is dried, especially such as humidity, 
method of piling, shelter, time of drying, etc. For instance, the 
wood of the conifers dries much more rapidly, on the average, than 
that of the hardwoods. Douglas fir bridge timbers will fall to about 
30 per cent moisture in 2 years. Inch lumber of the same species, 
under the same conditions, will dry to 15 per cent moisture in con- 
siderabiy less time, and small-sized timber dried in a heated room 
will in some cases reach 6 per cent moisture. The same species, in 
the same sizes, piled in the same manner under shelter out of doors, 
will scarcely ever fall below 12 per cent moisture. . 


DENSE. 


Dense, as applied to wood, means compact, heavy (when dry), 
containing much wood substance in small space (see footnote, p. 5). 
For example, hickory is a very dense wood. 

The oven-dry specific gravity is a measure of the density of wood. 
This figure is based on the weight, exclusive of moisture, but including 
rosin and other substances not volatile at 100° C. 


ELASTIC LIMIT. 
(See pp. 13, 14, and 15.) 


The elastic limit (sometimes called proportional limit) is that 
point where the distortion ceases to be in proportion to the load. 
For example, if a beam deflects one-sixteenth of an inch with a 50- 
pound load it will deflect one-eighth of an inch with 100 pounds, and 
so on, each additional load of 50 pounds causing an additional de- 
flection of one-sixteenth of an inch until the ‘elastic limit”’ is reached, 


p 
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after which the deflections increase more rapidly than the increase 
in load. 
A timber stressed beyond the elastic limit will not resume its 
original form immediately upon the removal of the load. 
ELASTICITY. 


Elasticity is the property (possessed by most materials) of chang- 
ing form with the application of force and recovering at once upon 
release from the force. 

in any elastic material the amount of compression or deformation 
is proportional to the force applied. 

Air and other gases under compression are elastic. The most 
commonly recognized elastic material is rubber. Timber is elastic 
within comparatively narrow limits. 

The term “very elastic’”’ as apphed to wood is indefinite, because it 
may mean that the force required to produce a given deformation is 
great and the recovery sudden as in an ivory ball (see ‘‘ Modulus of 
elasticity’’); or that the amount of distortion to the elastic limit is 
great, aS in a rubber ball, or that the wood possesses high elastic 
resilience, a combination of the two properties. (See “ Elastic resili- 
ence”’ or ‘‘ Work to the elastic limit.’’) 

FIBER SATURATION POINT. 
(See p. 11.) 


Green wood usually contains water within the cell walls and “free” 
water in the pores. In drying, the water in the pores is the first to 
be evaporated. The fiber saturation point is that point at which no 
water exists in the pores of the timber but at which the cell wails are 
still saturated with moisture. The fiber saturation point varies with 
the species. The ordinary proportion of moisture—based on the dry 
weight of the wood—at the fiber saturation point is from 20 to 30 


per cent. 
FIBER STRESS AT ELASTIC LIMIT. 


(See pp. 13, 15, and 16.) 


Fiber stress at elastic limit is the stress obtained in a timber by 
loading it to its elastic limit. It is the greatest stress the timber 
will take under a given loading and immediately return to its former 
position. 

FLEXIBILITY. 

Flexibility is that quality which renders a material capable of 
being bent without breaking. Thus, green timber is more flexible 
than dry. 


GREEN. 


Green is the condition of timber as taken from the living tree. 

Immediately upon being sawed from the tree lumber begins to 
lose moisture and otherwise change its condition. The rapidity of 
these changes is determined by the species, humidity, and circu- 
lation of air, heat, etc. 


22 BULLETIN 556, U. S. DEPARTMENT OF AGRICULTURE. 
MECHANICAL PROPERTIES. 


Mechanical properties are the properties of wood which enable it 
to resist deformations, loads, shocks, or forces. Thus the ability 
to resist shearing forces is a mechanical property of timber. (See 


‘Strength.’’) 
MODULUS OF ELASTICITY. 


(See p. 14.) 


Modulus of elasticity is the ratio of stress per unit area to cor- 
responding strain per unit length, the distortion or strain being 
within the elastic limit. 

Numerically, the modulus of elasticity of a material is the force 
in pounds required to stretch a sample of that material with a cross- 
sectional area of 1 square inch to double its length, on the assump- 
tion that the fibers would not be stressed beyond their elastic limit. 
India rubber has a very low modulus of elasticity, while that of 
steel is very high. It is, then, the measure of the stiffness or rigidity 


ot a substance. 
MODULUS OF RUPTURE. 


(See p. 12.) 
PHYSICAL PROPERTIES. 


Physical properties, as the term is used in this bulletin, are those 
properties of wood which have to do with its structure,-such as 
density, cell arrangements, fiber length, etc. In its bread sense the 
term physical properties includes all those properties listed as me- 
chanical properties as well as those pertaining to its structure. 


RADIAL. 


Radial means extending outward from a center or an axis. Thus 
a radial surface in a tree is one extending from the pith of the tree 
outward, such as the wide faces of a quarter-sawed board. 


RINGS. 
(See p. 8.) 


Rings are those circular markings around the center of a tree 
section which are produced by the contrast in density, hardness, 
color, etc., between springwood ond summerwood. One ring, known 
as an cramer ring, consists of a layer of springwood and a layer 


of summerwood. 
SHEAR. 


(See p. 17.) 

Shear is the name of the stress which tends to keep two adjoining 
planes or surfaces of a body from sliding, one on the other, under 
the influence of two equal and parallel forces acting in opposite 
directions. A force which produces shear (or shearing stress) in a 
material is called a shearing force. 
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The lighter and more porous layer of wood in the annual rings of 
a tree is known as the springwood or early wood. As the name 
implies, it is produced in spring growth, or in the earlier part of 


the growing season. 
STRAIN. 


The deformation or distortion produced by a stress or force is 


known as strain. 
STRENGTH. 


(See p. 6.) 


The term ‘“‘strength” as ordinarily used is a very indefinite one. 
It is usually thought of in connection with external loads or forces. 

Strength in its broad sense is a measure of the mechanical prop- 
erties, or of the ability of a timber to resist stress or deformation. 
Thus, strength in shear, strength as a beam, strength as a post, 
hardness, stiffness, toughness. These last three properties are not 
always thought of in connection with the term strength, but are 
unconsciously included whenever they are important in a specific 
use. See example of this as given on page 6. 

Seldom, if ever, do any two species contain all the various proper- 
ties in the same degree. This accounts for the special uses of the 
different species. 

Much confusion often arises from comparing species for a special 
use on the basis of properties or strength values not of first impor- 
tance in the specific instance. 


STRESS. 


Stress is distributed force. 

Fiber stress is the distributed force tending to compress, tear apart, 
or change the relative position of the wood fibers. 

Stress is measured by the force per unit area. Thus a short col- 
umn 2 inches square (4 square inches) and supporting a load of 2,000 
pounds will be under a stress or fiber stress of 500 pounds per square 
inch. 

SUMMER WOOD. 
(See p. 9.) 


Summerwood is that denser layer of wood in the annual rings of a 
tree which is put on in summer or the latter part of the growing 


season. 
TANGENTIAL. 


Tangential, as applied in this publication, means tangent to or par- 
allel to the curves of the annual rings in a cross section. Thus a tan- 
gential surface is a surface perpendicular to the radius of a tree. 
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WORK. 


(See p. 15.) 


Work is the product of force and distance, or force acting through 
distance. 

Work is essential in stopping bodies in motion, or in causing motion 
or change of motion of bodies. 

Work is measured in inch-pounds, foot-pounds, ete. 

An inch-pound is the work required to raise one pound 1 inch or to 


move a body 1 inch against a resistance of 1 pound. 


FORMULA USED IN COMPUTING. 
LEGEND. 


A= Area of cross section; square inches. 
B=Area under plate in compression-perpendicular-to-grain tests, 
square inches. 
CS =Crushing strength, pounds per square inch. 
E=Modulus of elasticity, pounds per square inch. 
EL= Fiber stress at elastic hmit, pounds per square Inch. - 
J =Greatest calculated tongitudinal shear, pounds per square inch. 
K =Constant = 27.7 when weight is in pounds; 0.061 when weight 
is M grams. 
MR = Modutus of rupture, pounds per square inch. 
P=Maximum load, pounds. 
P’=Load at clastic limit, pounds. 
S = Dry specific gravity. 
A= Total deflection or compression at elastic limit, inches. 
b = Width, inches 
d= Distance between centers of collars, inches. 
h= Height, inches. 
1=Span, inches (in compression parallel to grain 1=length). 


BENDING. 
Load apphed at center: 
yu 075 xP Ae 
sb Sch 
5) SIE SCI 
Mee Raa e 
Sigel 
Senn aes : 
/ 3 7 
E 1 


~4xXbxh?xA 
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Uniformly distributed load: 


O78 KIRN 
ela b x h? 
E Box 
~ GAD SN 

Any loading: 

M=1/6 Fxbxh?. 

Where M=moment in inch-pounds either external or internal. 
_ F=fiber stress for moment M. 
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Vv : 
J=3/2X BKOH where J=unit horizontal shear at any 


point and V = total vertical shear at that point. 


COMPRESSION PARALLEL TO GRAIN. 


P 
Cs — mn 
P’ 
TAR 
peed 
AXA 
COMPRESSION PERPENDICULAR TO GRAIN. 
P’ 
SHEAR PARALLEL TO GRAIN. 
1 
ar=— 
Shear a 
SPECIFIC GRAVITY. 
oe weight x K 


moisture 


( 10 my x volume of piece in cubic inches 


TABLE i. 


The data in Table i are derived from a considerably larger number 
of tests and are therefore somewhat more reliable than those of 
Table 2. Before an attempt is made to use these data, it is recom- 
mended that the entire text of this bulletin be read carefully, par- 
ticularly ‘“Misuse of terms,” page 6. Attention should be given to 
‘‘Precautions to be observed in the use of data,’ page 4, to the 
explanation of the coiumn heads, pages 7 to 18, and to the discussion 
and illustrations of the use of the variability figures given in Table 3. 

Where an apparent discrepancy is found between figures in this 
table and those in previous publications of the Forest Service, the 
data herein given may be considered as the most accurate (See p. 4). 

Safe working stresses for the design of structural timbers should 
be based on the data in Table 1 rather than on those given in Table 2 
for reasons presented elsewhere in this bulletin, particularly under 
‘Data on air-dry timber,” page 7, and ‘‘Static bending,” page 12. 

Safe working stresses will of necessity vary with the conditions 
under which the timber is used. Factors for ebtammg working 
stresses for timber used in dry interior construction are given else- 
where in this bulletin as follows: 

Columns—Under ‘‘Maximum crushing strength,” page 16. 

Details of joints—Under ‘‘Shearing strength parallel to grain,” 
page 17, and under ‘‘Tension perpendicular to grain,” page 18. 
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TABLE 2, 


Table 2 is to be considered supplementary to Table 1. In using 
this table attention should be given to the comments on ‘‘Data on 
air-dry timber,’ page 7, to the explanation of column heads, pages 
7 to 18, to the figures on change of properties with changes of mois- 
ture as given under ‘‘Shrinkage from green to oven dry,” page 12, 
and in column 2 of Table 3; also to the explanation of column 2 of 
Table 3. (See p. 18.) 
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TaBLE 3.—Approvimate figures for change of properties with change of moisture con- 
tent; variation of properties with specific gravity; reliability of averages, and probable 


deviations from averages of individual trees and specimens. 


For use with Tables 1 


and 2. 
Average 
ee eee 
or de- 7 robable 
crease) in sobre se variation 
value ef- Ono OF of present | Probable 
fected by ie Baie average variation 
raising (or er: (when of random 
Property. lowering) aoeatainn from 5 tree from 
the mois- to ale trees) average 
ture con- aAARe from true | for species. 
tent 1 per Eee y species | (See p. 19.) 
cent when (See 18 ) average. 
at about a alk(See p. 19.) 
12 per cent. 
(See p. 18.) 
1 3 4 5 
Per cent. Per cent, Per cent. 
Specific gravity based on volume when green...........|-..--.------]------------ 1.7 3. 
WY Osa (Oe CHG WOO Cees Ap soebbe sone be AbBr BEE Ereodond lonsoodacHapE | Saoageneoees Heeedencererlasecsauccoas 
(SM OWesi a eyes) Bh BB St Oe ent res ae ay ee Se I by 1 Yee ice bee vat aoa AS a etree OSS 
Static bending: 
Fiber stress at elastic limit. .........-..-----.------ 6 1 5 12 
MOGKONInS ON MbpOWOURe. 548 ccodonccaoesosaobbseeEooecaS 4 1 4 9 
Moduilistonelasticitiye eae cn sels so) <= late erate 2 1 5 11 
Mionkavoelasticwinniteermeeeecasccoccee ee ces - calle 8 2 Zl 16 
\IV OHI eo) Ime sahaniphon NOR u eas socesaseceepooeeooeeEee 3—] 2 6 14 
Impact bending: 
Fiber stress at elastic limit....-...-.-...-.--.------ 4 1 4 8 
Works bojelasticlimit. <2. 25 sc. e eee cone ee cine 5 2 5 12 
Ieigiglais Of COD cccadcepeesoounbeeodeoERbeuEeeeossaS —3 2 a 15 
Compression parallel to grain: 
Kiber stress at elastic limit.........-......--.---.-- 5 1 5 12 
Crusinimoystnemouhee meee eerie sities oi ie atolel ete 4 1 4 9 
Compression perpendicular to grain—fiber stress at 
CLAS Ui CHiinna GRE NE eres ce amiss nei je cic ese cence 6 2 6 14 
TOT MIN ess mend eter aces ceieeieinceiciecc te cemae ck Soneke 3 2 4 9 
IBarRClMEES, SIC. das Soauseed ae ne Cat GH Ae Soe eee ie 1 2 5 10 
Shearing strength parallel to grain aa 4 1 3 U 
Tension perpendicular to grain.........-:....---------- 1 2 5 12 


1 See explanation, p. 11. 2 See explanation, p. 12, 


3 The minus sign indicates decrease. 
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LIST OF PUBLICATIONS AND PAPERS DEALING WITH THE 
MECHANICAL PROPERTIES OF TIMBER. 


1. GOVERNMENT PUBLICATIONS. Date of 
Red Gum, with Discussion of Mechanical Properties of Red Gum Wood, Forest ge 
Service: Bulletin 58.. 15: Cents_2-2280(02¢ cote es sons - oa ee 4 eee 1305 
Holding Force of Railroad Spikes in Weoden Ties, Forest Service Circular 46. 
DiGCMES Pee cai wie eset se Sh cee eee as Meee ene Ac onec ee ——— 1906 
Effect of Moisture on Strength and Stiffness of Wood, Forest Service Bulletin 70. 
OUGOTING ois s Meh che LEIS ak 2 ia aus ape aye) ahaloa SOM tins «a oe bein 1906 


*Tests of Vehicle and Implements Woods, Forest Service Circular 142. 5cents. 1908 
*Properties and Uses of Southern Pines, Forest Service Circular 164. 5cents.. 1909 


The Commercial Hickories, Forest Service Bulletin 80. 15 cents............ 1910 
Properties and Uses of Douglas Fir, Forest Service Bulletin 88. 15 cents..... 1911 
Uses of Commercial Woods of United States—Cedars, Cypresses, and Sequoias, 

Forest, Service, Bulletim'95... 10.centst: 22 -202-2- 5. 09-2 -ee 1911 
Uses of Commercial Woods of United States—Pines, Forest Service Bulletin 99. 

AIS CCXSL 1S Prey ee Anne nes eee ae LS ot Ar ie OSS SoS OSC 50 2 1911 
Manufacture and Utilization of Hickory, Forest Service Circular 187. 5cents.. 1911 
Tests of Structural Timbers, Forest Service Bulletin 108. 20 cents........--- 1912 
Fire-Killed Douglas Fir: A Study of Its Rate of Deterioration, Usability, and 

Strength, Forest Service Bulletin 112. 10 .cents..!-........--..- sees se eee 1912 
Strength Values for Structural Timbers, Forest Service Circular 189. 5 cents.. 1912 
Mechanical Properties of Redwood, Forest Service Circular 193. 5 cents....-- 1912 
*Strength Tests of Cross-Arms, Forest Service Circular 204. 5 cents. ...-..-.-- 1912 
Mechanical Properties of Western Hemlock, Forest Service Bulletin 115. 15 

CONUS oie CBee oe tee te ie Me ei SOR eM aloe le ce ee 1913 


Mechanical Properties of Western Larch, Forest Service Bulletin 122. 10cents. 1913 
Mechanical Properties of Woods Grown in United States, Forest Service Circular 


PNG s OsCOMtS iio.) jake oo ea aee eee MUR ee RS! Se 1913 
Tests of Packing Boxes, Forest Service Circular 214. 5 cents.....::-.-..---- 1913 
Uses of Commercial Woods of United States—Beech, Birches, and Maples, De- 

pariment pulletinl 2°) WO:eents. 6s. cee eee ene sees eco eee eee 1913 
Tests of Rocky Mountain Woods for Telephone Poles, Department Bulletin 67. 

9. CONS. ose Ddaeeeeiiece ead ae eee ce Cae ee aes e+ + oe 1914 
Rocky Mountain Mine Timbers, Department Bulletin 77. 5 cents.....-.-.---- 1914 
Tests of Wooden Barrels, Department Bulletin 86. 5 cents........---------- 1914 
Strength Tests of Structural Timber Treated by Commercial Wood Preserving 

Processes, Department Bulletin 286. 5 cents.............------ PE Ss 5 1915 


* Indicates supply is exhausted. 


Department Bulletin 552.—‘‘ The Seasoning of Wood” is also of special interest to those handling 
timber. It can be obtained from the Superintendent of Documents, Government Printing Office, 
Washington, D. C. 


Note.—Publications out of print can be consulted at many public libraries. In a number of cases they 
have been superseded by more recent publications. Others can be obtained from the Superintendent of 
Documents, Government Printing Office, Washington. D. C., at the price stated, until the supply is 
exhausted. Remittances should be made by money order, or in coin (at sender’s risk); stamps can not 
be accepted. 
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2. PAPERS PREPARED BY FOREST PRODUCTS LABORATORY AND PUBLISHED IN PRO- 
CEEDINGS OF SOCIETIES AND TECHNICAL, TRADE, AND OTHER JOURNALS. 


Title. 


Author. 


A Few Deductions from Strength 
Tests of American Woods. 

pacar Affecting Structural Tim- 

ers. 

Grading Rules of Yellow Pine Struc- 
tural Timber Discussed. 

Applicability of Yellow Pine Grad- 
ing Rules to Other Timbers. 

Air Seasoning of Timber.......---.- 


Effect of Different Methods of Dry- 
ing on Strength of Wood. 

*Fourth Progress Report on Tests of 
Treated Ties. 


The Protection of Ties from Me- 
chanical Destruction. 

Greenheart: a Timber with Excep- 
tional Properties. 

Variation in the Weight and 
Strength of Timber. 


Structural Timber in the United 
States. 


Newlin, J. A.....- 
IDES, JBLS Ssseoccc- 


Newlin, J. A...... 
Kempfer, W. H... 
Tiemann, H.D... 


WV Gis8, 18ls boo scous 
Armstrong, A. K . 
Newlin, J. A...... 


Betts, H. S., and 
Greeley, W. B. 


Where published. 


Date. 


American Lumberman.........-. 
Engineering Record............. 
American Lumberman.......... 
Engineering Record............. 


American Railway Engineering 
Bulletin 161. 
Lumber World Review.......-- 


American Railway Engineering 
and Maintenance of Way Asso- 
ciation Bulletin 124. 

Proceedings American Wood 
Preservers’ Association. 

Hmipineenin eRe COndere eee seer 


St. Louis Lumberman, Ameri- 
can Lumberman, Southern 
Lumberman, Lumber World 
Review. 

International Engineering Con- 
gress, San Francisco. 


* Indicates supply is exhausted. 
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INTRODUCTION. 


The task of placing wheat classification and grading on a scientific 
basis involves a consideration of two important problems, the first of 
which is the investigation of the fitness of the several types of wheat 
for the manufacture of white flour and the adaptation of the flour 
from these several types to the manufacture of different kinds of 
bread products. This primarily concerns the division of wheats of 
distinctly different character into general classes. 


1The investigations reported herein were made in the Office of Grain Standardization 
of the Bureau of Plant Industry, under the direction of Dr. J. W. T. Duvel, Crop Tech- 
nologist in Charge, in cooperation with the chemical department of the North Dakota 
Agricultural Experiment Station. Since August 18, 1916, the grain-standardization 
investigations of the Department of Agriculture haye been administered jointly by the 
Bureau of Plant Industry and the Office of Markets and Rural Organization in connection 
with the enforcement of the United States Grain Standards Act, 
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The second problem is the comparative valuation of the wheat 
within any one class or, in other words, the relative importance of 
factors usually considered in commercial grading. These factors, 
briefly, are soundness, general appearance, composition, moisture 
content, varietal differences, and impurities, especially such impuri- 
ties as are difficult to remove. In this connection the relation of 
such determinations as weight per bushel and average weight of 
kernels to quality naturally forms a part of the study. 

Having these problems in mind and recognizing that the only 
sound basis for the determination of its fitness for the manufacture 
of flour and a study of the characteristics of the flour produced from 
it, extensive investigations involving milling tests with wheat and 
baking tests with the flour have been carried on for several years. 
A partial survey of the results of this work is presented in the fol- 
lowing pages. 


FACTORS OF IMPORTANCE IN DETERMINING THE QUALITY OF 
WHEAT. 


MILLING YIELD AND FLOUR COLOR. 


The term “ milling quality ” has a varied meaning, and in speaking 
of wheat of high milling quality two millers may have very different 
standards in mind. Broadly speaking, any wheat which will yield a 
high percentage of white, sound flour is of good milling quality. 
Flour yield, or the quantity of flour of good color that can be pro- 
duced from wheat, is always the most important consideration in 
judging wheat. Other factors are of importance in deciding the pur- 
pose for which the flour from a certain kind of wheat is best adapted, 
but usually play a minor part in determining values. 

Flour yield and flour color, or the color of the bread produced from 
the flour, must always be considered together, as they are closely 
related in their commercial significance. Yield is the quantitative 
expression of the amount of flour that can be produced from wheat, 
while color is the chief factor in determining the grade of the flour 
and consequently its selling price. 

Flour yields in the following pages are expressed as a percentage 
of straight flour. The term “straight” in this connection has much 
the same significance as it has commercially, and includes all of the 
flour usually included in the “ Patent” and “ Clear” grades. 

The color scoring system is based on an arbitrary scale on which 
the highest markings are 105, but only very exceptional straight 
flours score over 100. The scoring is decided upon by comparison 
with loaves from check or standard flours. Straight flour from ordi- 
nary sound wheat will score usually between 90 and 100. Flour 
which will not score more than 50 is of such poor quality that it 
would be classed with the lowest grade of commercial flours, such 
as “red dog.” 


s 


' 
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FLOURS OF HIGH AND OF LOW STRENGTH. 


The definition given for a wheat of high quality holds good only 
when no consideration is given to the remarkable variation in the 
working qualities of different flours in the hands of the baker. 
Strength may be defined as that quality in flour which enables the 
baker to produce a loaf of bread of large volume and of good texture 
by use of the proper ingredients, together with proper mixing, fer- 
mentation, and baking.t. From this definition it will be apparent 
that strength is of great importance in the making of ordinary fer- 
mented bread. For other feod products, however, high strength is 
not required and is not even desirable. This is especially true in the 
manufacture of products in which chemical leavening agents are used 
in place of yeast. Low-strength flours are preferable in the making 
of crackers and practically all pastry, as they yield products which 
are free from undesirable toughness and, on the other hand, are either 
flaky, brittle, or crumbly, as the character of the product demands; 
and this result is attained with a saving in the quantity of lard or 
other shortening required as compared with what is necessary for 
stronger flours. 

In the manufacture of macaroni and similar products, although 
strong flours are not necessary, ordinary low-strength flours are not 
at all suitable. The essential requirements of wheat for making flour 
for these purposes are that it shall be hard in texture and of such 
character that it will pulverize into a coarse granular flour, or, as it 
is more often called, “ semolina,” and that this be glutenous, or high 
in gluten proteids. The first of these requirements seems to facilitate 
the mechanical part of the manufacture, while the second improves 
the quality of the product by preventing disintegration during 
cooking. | 

LOAF VOLUME AND TEXTURE. 

This leads to a consideration of the measure of strength in flour. 
The definition of strength already given mentions two factors as 
of importance, namely, size and texture of loaf. A measure of the 
volume of the loaf gives the desired information as to size, and in 
the following pages this is expressed in cubic centimeters. The 
figures are comparative, as in every case 340 grams of flour were 
used for a loaf. It is more difficult to express texture in absolute 
terms, as it is dependent upon several related considerations. The 
uniformity, number, and evenness of distribution of cavities are 


1 The term ‘strength’ is sometimes considered as meaning the water-absorbing power 
of the flour, but the definition given above is the one far more widely used at the present 
time. Some writers use the term “ pile” in referring to the shape and texture of the 
loaf. William Jago and W. C. Jago, in the 1911 edition of their Technology of Bread- 
Making, define strength as the measure of the capacity of the flour for producing a 
bold, large-volumed, well-risen loaf. In this definition the term “bold” refers to the 
external appearance of the loaf and “ well-risen” to the texture, but the terms seem, to 
be lacking in definiteness. 
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the most important points. For a loaf to be of good texture the 
walls of the cells should be thin and nearly transparent. To obtain 
a measure of texture it has been found necessary to resort to an 
arbitrary scoring system based on the ideal as 100. 

In order to demonstrate clearly what is meant by differences in 
strength as indicated by loaf volume and texture, figures 1 and 2, 


Fic. 1.—Loaves of bread showing a wide range in yolume. The volumes in cubic 
centimeters are as follows: a, 2,700; b, 1,855; c, 2,400; d, 3,020; e, 2,170. 


showing photographs of loaves having a wide range in quality, are 
introduced here. Figure 1 shows the exterior of loaves having a 
volume varying from 1,855 to 3,020 cubic centimeters. The volume 
of the loaves, in cubic centimeters, in order, is as follows: a, 2,700; 
b, 1,855; e, 2,400; d, 3,020; e, 2,170. Figure 2 shows another series 


Fic. 2.—Loaves of bread showing a wide range in strength of flour, as indicated by 
differences in volume and texture. The volumes in cubie centimeters and the tex- 
ture scores of these loaves are as follows: a, Volume 1,550, texture 84; 6, volume 
1,830, texture 90; c, volume 2,330, texture 94; d, volume 2,660, texture 97; e, vol- 
ume 1,950, texture 88, 


of loaves in cross section, illustrating differences in texture as well 
as volume. The volume of loaf @ is 1,550 cubic centimeters and the 
texture 84. This is the type of loaf produced from the softest 
wheats and those of lowest strength. The texture is even, but the 
cell walls are thick and the bread is solid and heavy. Loaf 0 is a 
little below average strength for soft wheats, the volume being 1,830 
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cubic centimeters and the texture 90. The texture is uneven, a little 
coarse, and the cell walls are somewhat thick. Loaves ¢ and d are 
of the type ordinarily produced from hard red winter and hard 
red spring wheats. The volume of loaf ¢ is 2,830 cubic centi- 
meters and the texture 94; it is somewhat uneven but the cell walls 
are fairly thin. Loaf d has a volume of 2,660 cubic centimeters and 
a texture which, although a little uneven, is scored 97, since the cell 
walls are very thin. Loaf ¢ has a volume of 1,950 and a coarse tex- 
ture, which is scored 88. 


WATER ABSORPTION. 


Capacity for water absorption is of some commercial importance 
and is determined by measuring the water added in mixing the 
dough. It is important because of its relation to the weight of the 
baked loaf, as will be brought out further in the following pages. 
Tt might be considered as one element in the strength of flour if 
the definition were changed to include, besides requirements for 
lightness and texture of loaf, a requirement for a high yield of bread 
per unit quantity of flour. 


CLASSES OF WHEAT STUDIED. 


In all, five distinct classes of wheats, grown in various sections 
of the United States, have been studied; but the main part of this 
report will be confined to the four classes to which more time has 
been given. The five classes are as follows: 


(1) Soft red winter wheat, or ‘‘red winter,” as it is better known on the 
market, is the principal class of wheat grown in sections east of the Mississippi 
River, in the State of Missouri, and in parts of the States adjoining to the 
west and south. 

(2) Hard red winter wheat is grown chiefly in Nebraska, Kansas, and parts 
of Oklahoma and Montana, although small quantities are grown in the ad- 
joining States. 

(3) Hard red spring wheat is grown in North Dakota, Minnesota, South 
Dakota, and Montana. This wheat is more generally known commercially as 
northern spring wheat. 

(4)Durum wheat is grown in about the same territory as hard red spring 
wheat and to a limited extent in the southern Great Plains area and Inter- 
mountain and Pacific Coast States. 

(5) White wheats are grown to a comparatively small extent in some of 
the Eastern States and more generally in the Intermountain and Pacific Coast 
States. Only a limited amount of work was done on this class of wheats, 
and in this report reference will be made only to some factors relating to the 
quality of the flour produced from them. 


There are other classes of wheats, particularly the western red 
wheats, both spring and fall sown, of which no mention will be 
made in the following pages. 
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MILLING YIELD AND RELATED FACTORS. 


YIELD OF FLOUR. 


As has been said, flour yield is the most important consideration: 


in determining wheat values. Figure 3 affords a comparison of the 
average flour yields of soft red winter, hard red winter, hard red 
spring, and durum wheats, and also the extreme and ordinary 
ranges for each class. While an extreme range in flour yield of about 
20 per cent was secured with the durum wheat and a somewhat nar- 
rower range for other classes, the ordinary ranges show a variation 
of only about 10 per cent. Over 90 per cent of the samples of soft 
red winter and hard red spring and 80 per cent of the durum samples 
yielded between 65 and 75 per cent of straight flour. The hard red 
winter samples ranged somewhat higher, as over 90 gee cent yielded 
between 67 and 77 per cent of straight flour. 

In average flour yield the hard med winter wheat is about 2 per 
cent higher than the other classes, between which only small dif- 


YIELD OF SAMPLES FALLING WITHIN 
FLOUR -PLER CENT VAFIOUS FRAINGES OF FYIELO OF FLOUR — FEF CEINT 
SOR, Fea, QOUAUN “IAFPO FEO HAFO Fre 


WINTER WHEAT WAH EAT WINTER WWHEAT SEARING WHET 
197 SANIPLES 1SE SAMPLES SFeF7 SaN7rLES SES Sanrres 


79 7o 
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75S 7o 
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Pe he ee] 
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Fic. 3.—Diagram presenting a comparison of the yield of straight flour of four com- 
mercial classes of American wheat, showing their general range and the average 
for each class. The samples used represented the crop years from 1908 to 1913, 
inclusive, except those of soft red winter wheat, of which only samples of the 
crops of 1911, 1912, and 19138 are included. 


ferences are noted, although soft red winter wheat falls slightly be- 
low the hard red spring and durum wheats. That this poor showing 
of the soft red winter wheat is due in part to experimental error is 
very probable, as this wheat is very difficult to handle in an experi- 
mental mill, the flour being soft and fluffy, clinging to the spouts 
to an unusual degree and causing not only a greater average me- 
chanical loss but also greater moisture losses through evaporation. 
This is borne out by the figures in Table I, which shows that the 
average loss was 1.2 per cent greater for soft red winter wheat 
than for spring wheat. With durum wheat the opposite was true. 
Durum wheat reduced to a very coarse granular flour which showed 
practically no tendency to hang to the spouts and dust out. 
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TABLE I.—Average yield of flour, bran, and shorts of four commercial classes 
of American wheat and average loss in the milling process. 


Milling yields. 
Surber ee tea 
(0) Loss in 
Class of wheat. samples ne milling. 
tested. Flour. SROs. 
: Per ct. Per ct. Per ct. 
SOG HIS Clea vvalildits Tepes stay ais ys a eye a. RRR a 197 69.7 Pile 1 a2 
DUCE AY 3 i VA At apd er Vac RR 158 710.3 28.9 8 
lam aime dv bere mee ieee hein ek em LI | 363 72 26.4 1.6 
IeleinG! macleornlnws S250 Skee See eee One ee alana ala 565 70.2 27.8 2 


It might also be mentioned that the water used in tempering prob- 
ably had some influence on these figures. With soft-textured wheat 
like the soft red winter, owing to the tendency toward flaking or 
flattening out of the particles of endosperm during the grinding 
process when too much moisture is present, it was not desirable to 
use a large quantity of water in tempering or conditioning this 
wheat to toughen the bran previous to milling, while with durum 


a SIUM PLEAF FALLING WITHIN 
SESS AF A VEFRIOLUIS FRANGES OF YIELD OF BRAIN ANOQ SHORTS —PER CENT 
SOfT FEQ QDUPUN HHAFLO FRED HARO PED 
WINTEFE WHERT WHE DT WINTER WHEAT SPAIN GC WHEAT 
197 SAMPLES ISD SAMPLES VOSS SAMPLES SES SAMPLES 


249 on LOWER TO 


SS cea H/IGHERS O 


27 
Fie. 4.—Diagram presenting a comparison of the yield of feed (bran and shorts) of 
four commercial classes of American wheat, showing their general range and the 
average for each class. 


’ 


wheat, which is very hard and brittle, the moisture content was 
raised about 2 per cent on the average by this process. As all yields 
are figured on the basis of the original cleaned sample, one reason 
for these differences is apparent. In many cases the durum samples 
showed a gain in milling due to this added water, but this was very 
seldom shown with soft wheats. 


YIELD OF BRAN AND SHORTS. 


Figure 4 is a companion to figure 3 and shows in another way the 
same relation of the milling quality of these four classes of wheat. 
The importance of a low yield of bran and shorts is evident from 
the direct relationship of these factors to flour yield. 


MOISTURE CONTENT AND FLOUR YIELDS. 


As was brought out in the above discussion and in Table I, evap- 
oration during the milling process bears a very important relation- 
ship to flour yield. The extent to which evaporation occurs when 
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factors such as humidity, exposure, and the length of the milling 
process are equal is dependent upon the moisture content of the 
wheat. This is very clearly brought out in figure 5, which shows 
the relation between moisture content and flour yield for each of the 


MOYSTURE| SAMPLES FALLING AVELACE Ft OCr t= fry, 
COW TENT=| LYITFHIIN VAFPIOUS OF SANPLES FALLING WITHIN 
SER CLIVT | LPAINGES—/-LY? CENT VAP PIOUS FRANGES —PELP CENT 
SOFT FRED WINTER WHEAT 
2S/ SAMPLES TESTED 


AVERAGE AFONS TURE AVEFASGE FLOUR YIELD 
SONTENT -4h9% OF FOIAL SAVPLES-E9+7 % 


DUYFPLIN WHEAT 
fF 2 SAMPLES TESTED 


06064060 


BVELP ACE AI ONWS TOE AVEFP-7AGCGE FLOUWFR YIELD 
DONTENT —-12-5 % OF TOTAL SANIFPLES : —-TO3FK 


AIAPPO FREQ WINTER WHEAT 
GSS SAMPLES TESTED 
yinte Rea ae ee é 7s 


©oFbO4 GOOG 


ALEPPASGE NIOIS TUTE AVERAGE FLOLFO YIELO 
CONTEMNMT —12./ % OF TOTAL SAMPLES -T2:0 %. 
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AVERAGE MIASTUATE AVEFPAGE FLOLFP YVELO 
COV TEI TAF 1% OF FOTAL SANIPLES— 70.2% 


Fic. 5.—Diagram showing the variation in moisture content of the samples of four 
commercial classes of wheat and the relation of this factor to flour yield. 


four classes of wheat under discussion, and also the extreme and the 
ordinary range and the average moisture content of samples repre- 
senting each class. It will be noted that with each class the flour 
yield in a general way varies inversely as the moisture content. 
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Figure 6 would seem to prove the hypothesis that the reason for this 
relationship lies in the evaporation of moisture during the milling 
process. It shows that there is a very regular increase in milling 
loss as the moisture content increases. 


FLOUR YIELD AND WEIGHT PER THOUSAND KERNELS. 


That there might be a relationship between milling yield and 
average weight of kernels was suggested by several seemingly perti- 
nent facts. Plump or well-filled kernels naturally have a higher 
weight than shriveled kernels, and that the former are superior in 
quality as far as milling yield is concerned is evident. Likewise, field 
damage from sprouting, leaching, and other causes tends to decrease 


the weight of the 
MOISTURE CONTENT —PER CENT 
kernels somewhat, BL 104 Mh 1B IRL teed 154 16L 
a) Toe To Toe To Troe ras) To 
and these facts 70 YP. ME VE IBN TOS OEE 


bear a direct rela- 
tionship to mill- 
ing quality. Fig- 
ure 7 presents 
graphically the 
results of the 
study of these 
two factors in re- 
lation to each 
other. It will be 
noted from this 
that the weight 
per 1,000 kernels 
apparently is not 


a very good indi- TURD Wao rie eas raz, | oo ez) Nig 

eation of milling NUMBEF OF SANPLES 

Hic. 6.—Diagram showing the relation between the loss in 
milling and the moisture content of the wheat. 


NWULLING LOSS —PEPR CENT 
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| 
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yield. Only in 
the case of badly 
shriveled samples having an unusually low weight does this factor 
parallel low flour yield. Two or three factors seem to contribute 
toward this result. The first and probably most important are 
varietal differences. Some varieties of wheat have comparatively 
small kernels, yet give as good a flour yield as wheat of other varie- 
ties having much larger kernels. Then, again, seasonal and general — 
environmental conditions cause variations in the size of kernels 
which do not seem in all cases to be accompanied by corresponding 
changes in milling yield. One factor related to this is the moisture 
content, an increase in which also increases the weight of kernels, 
but this is accompanied by a decrease in flour yield. 
91418°—Bull. 557172 
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FLOUR YIELD AND WEIGHT PER BUSHEL. 


The value of the “weight per bushel” or “test-weight ” determi- 
nation as a rough means of measuring wheat quality has long been 
recognized by the grain trade, and requirements relating thereto are 
made in practically all grading rules. The weight of the measured 

bushel of pure 


WEIGHT PEP 1/000 FEFNELS— 2 
Be Aelia wheat is dependent 


76 20 Pap 24 26 22 Jo 32 Ia 
Te To To. T° To To To To ro 


199 249 239.9 269 279 299 319 339 gs7s5 UPON the specific 
AS i Sas gravity, shape, 
71.0 SS! size, and uniform- 
ity of the kernels. 
As usually deter- 
mined, it is affect- 
ed by impurities, 
such as weed 
seeds, dirt, chaff, 
and other grains. 
Grade rules in 
force ina few mar- 
kets provide that 
the determination 


be made on the 


‘ze l0es Wzel ss 722 V7s7egs “ge ze 
NUMBER OF SAMPLES screened sample, 


7 


VIEL D> OF STRAIGHT. FLOUR=PER CEN 


Fic. 7.—Diagram showing the relation between the weight or, Im other words, 
per 1,000 kernels and the flour yield of samples of soft red after the larger 


and hard red winter and hard red spring wheat of the crops _ : 
of 1911, 1912, and 1913. part of the im- 


purities have been 
removed. Generally, however, no such rule is observed. The de- 
terminations reported here were made with the samples after they 
had been cleaned and prepared for milling, and the influence of im- 
purities is reduced to a minimum. It will be found that the figures 
for this reason are a little higher than those ordinarily secured. 


Among the factors causing variation in the test weight are shriv- 
eled or shrunken kernels, the various forms of damage usually sus- 
tained in the field, the moisture content, and varietal differences. 
The last-mentioned factor is unfortunate and detracts from the 
value of the test rather than adds to it, as such variations often 
have little relation to quality. More will be said of this in a fol- 
lowing paragraph. All the other factors mentioned bear a direct 
relation to quality. 

That high moisture content is accompanied by low flour yields has 
been brought out, and as high moisture content is also accompanied 
by low weight per bushel it is apparent that this determination is 


COMPARISON OF AMERICAN WHEATS. peel 


of value. Shriveled or shrunken wheat ordinarily gives a low flour 
yield, because of the low proportion of endosperm to bran and 
germ, and such wheat is low in weight per bushel. Field damage 
in various forms seems to bear a direct relation to the quality of 
wheat, as will be illustrated later, and usually is accompanied by a 
marked decrease in weight per bushel. 


WEIGHT PEFR BUSHEL — POUNDS 


GI) 524 S3/ S4/ SE/ Se/ Sith 5A/ 59.) CO/ G/./ C624 GIs 6F/ 
bee 7o 7o 70 TO TO va) TO TO TO wD) 


Ce Sa S44 S55 & 3S 58 S59 60 G/ 62 63 64 65 


a t= 
reat amt 


FEF CENT 


YIELD OF STFPAIGHT FLOUR — 
® 


i 


iowmeziz. tS eS. 20. scl Sa Ss. ey Be 
NUMEEF OF SAMPLES 


N 


Wie. 8.—Diagram showing the relation between the milling yield and the weight per 
bushel, as indicated by the results of milling tests with samples of hard spring 
and hard winter wheat representing the crops of 1911 and 1912. 

This brief statement will explain the results graphically presented 
in figures 8 and 9. In figure 8 are summarized the results of tests 
with all samples of hard wheats of the crops of 1911 and 1912. The 
direct relationship between weight per bushel and flour yield is so 
evident from this diagram that no explanation is needed. In figure 
9 more complete data bearing on this relationship are sass’. 
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This diagram shows the variation in weight per bushel of soft red 
winter, durum, hard red winter, and hard red spring wheats, and 
also the variation in flour yield for the different ranges in weight 
per bushel. 

Tt will be noted from figure 9 that as between classes there seems 
to be little relation between weight per bushel and milling yield. 
To illustrate: Although the durum samples averaged highest in 


WE/GH 7 SAMPLES FALLING 4-VITHIN AIVELTTAGE FLOLYP FIELD OF 
PER BUSHEL] VAFPOUS WEIGHT PEP BUSHEL, SAYMTLES FALLING VYITHYN FAFIOGCS 
POUNDS PRAIM GES — FEF CENT WEIGHT FPEFP BUSHEL RANGES—FER CENT 
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GAT SAMPLES TESTEO 


AIVEFPACEL ’bere/CGAT AIVEFAGE FLOUF YVELO 
Per BUSHEL — C2-/ 28S OF TOTAL SANHLES— 72:0 % 


HAFROD FEO SPRING bwvrHEAT 
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eo 
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Fic. 9.—Diagram showing the relation between the weight per bushel and the flour 
yield of four important commercial classes of wheat. The samples represent the 
crops of 1908 to 1913, inclusive, except those of soft red winter wheat, of which 
are included samples of the crops of 1911, 1912, and 1913 only. 


weight per bushel, the average flour yield is next to the lowest, and 
spring wheat although lowest in weight per bushel is next to the 
highest in average flour yield. 

These variations in the relation of weight per bushel to flour yield 
among the several classes seem to be associated with differences in 
the shape, size, and density of kernels and perhaps also the thickness 
of the bran, any or all of which may be varietal characteristics or 
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the result of environment. Similar variations are found to exist to 
some degree within each class, and especially is this true of the hard 
red spring wheat. In this class there are three important varietal 
eroups—namely, Fife, Bluestem, and Preston, or Velvet Chaff.t 
While between the first two groups no marked differences are 
noted, the Velvet Chaff wheat, although usually having a high weight 
per bushel, does not show milling quality superior to the Fife and 
Bluestem; in fact, it seems to be somewhat inferior. Consequently, 
when Velvet Chaff is mixed indiscriminately with Fife and Bluestem 
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Fic. 10.—Diagram showing the relation between the weight per bushel and the flour 
yield of hard red spring wheat and the difference in this relation between the so- 
called Velvet Chaff and the wheat of other varieties. Samples from 1908 to 1913 
crops, inclusive. 


the weight per bushel is a precarious guide to follow. This is illus- 
trated in figure 10. In the upper part of this diagram all hard red 
spring samples have been grouped, and it will be noted that there is 
here no definite relation of flour yield to weight per bushel. When 


1The term “ Velvet Chaff”? as applied to this group of varieties of spring wheat is 
unfortunate from a botanical standpoint, because of the fact that the chaff or glumes are 
not velvety or pubescent. This group consists of what are supposedly a number of 
different varieties, many of which are thought to have originated from the Canadian 
Wheat known as Preston. Nearly all varieties of bearded spring wheat having smooth 
or glabrous chaff are included. As this paper is written from the commercial stand- 
point, and as the entire grain trade and most farmers know this wheat as Velvet Chaff, 
this designation for this variety group will be adhered to in the following pages; but 
it should be borne in mind that the term Preston is preferable from a technical standpoint. 
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these samples are separated and the data compiled in a similar man- 
ner, however, the reason for this seeming inconsistency in results 
is apparent. ; 

First, the high percentage of the samples of Velvet Chaff having a 
high test weight, as compared with the other varieties of spring 
wheat will be noted and then the lower average flour yield for each 
range in weight per bushel. These facts illustrate the necessity of 
care in interpreting the weight-per-bushel determination as applied 
to wheat of different varieties. 

Tt should also be borne in mind that tests with individual samples 
do not show the same regularity as is suggested by the averages 
shown in these illustrations, and the test weight should in all cases 
be considered in conjunction with other factors, such as moisture 
content and soundness, of which more will be said later. 
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lic. 11.—Diagram presenting a comparison of the color score of the bread made 
from five classes of wheat, showing variations, extreme ranges, and averages. 


COLOR OF FLOUR AND BREAD. 


The importance of a consideration of the color of flour or bread 
made of flour in connection with milling yields has been mentioned. 
Commercially, because of the popular demand for white bread, flour 
color has come to be one of the most important considerations in 
buying and selling this product. The question naturally arises as to 
whether there is any general difference in the color of flour of the 
wheat of the several classes. Figure 11 presents data which will 
afford a fairly satisfactory answer to this question. The arrange- 
ment of this diagram gives an idea of the ordinary ranges in color 
of the bread from each class, and it will be observed that very little 
difference is apparent between the classes except in the case of durum 
wheat. The typical flour from this wheat varies in color from a pro- 
nounced creamy white to what might be described as pale yellow. 

The comparison shown in figure 11, however, does not tell the 
whole story, as there are variations in color that can not be expressed 
by a score. For example, under this system two flours may score the 
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same, though one may be creamy while the other is a grayish white. 
In order to determine to what extent these color tints are charac- 
teristic of any one class, notes relative to them were made on all 
samples of the crops of 1912 and 1913. A summary of these observa- 
tions is made in Table II. In this table the samples are classified 
under two headings, the first including all samples entirely free from 
creamy or yellow tints, being either pure white or grayish, and the 
second including samples having a distinctly creamy or yellow tint, 
as well as cloudy or creamy gray samples. Table II shows that all 
of the durum wheats fall under the second heading. In the other 
classes of hard wheats the creamy tints predominate to a less extent, 
while in the soft red wheats the pure white and gray tints predomi- 
nate. Old or weathered wheat yields flour with a less pronounced 
creaminess, and this will account for part of the variation among the 
hard red wheats. There is also some varietal difference, especially 
among the hard red spring wheats. Bluestem and Velvet Chaff 
wheats usually yield flours of a pronounced creamy tint, while the 
Fife flour tends more toward pure white or grayish white. With 
the soft red winter wheat the creamy tint ordinarily is absent or not 
very pronounced, although some varieties seem to differ in this 
respect, as with other classes. 


TABLE I1.—Relative dominance of various color tints of the flour of four com- 
mercial classes of wheat, samples of the crops of 1912 and 19138 being used. 


Proportion of samples yield- 
ing flour of various color 
tints (per cent). 


pr uEaer 


Class of wheat, EAitbe White to | Creamy to 
gray, with yellow 
no marked (cloudy or 
creamy or | creamy gray 
yellow tint. | included). 
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Pe ared WAM TCLs sce esis ci neiecice soe eee ebe bees oe «2 ee 116 22.4 77.6 
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RELATION OF YIELD AND COLOR TO TEST WEIGHT AND 
SOUNDNESS. 


The unavoidable relation between flour yield and flour color in 
milling makes it important that the diagrams already discussed, 
pete the relation of flour yield to test weight, be supplemented by 

a study in which the color of the flour is taken into consideration. 
This has been done in Table III in connection with a study of the 
relation of these factors to soundness. 

Considering only that part of Table III which relates to weight 
per bushel, it is apparent that although the relation of this factor to 
flour yield is quite evident in the diagrams previously shown, this is 
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not true of flour color except with wheat which is fairly low in test 
weight and then the color falls somewhat lower than with the heavier 
wheat. This holds true with all three classes of wheat with which 
this comparison was made. 

This table is arranged to bring out such connection as may exist 
between the percentages of sound wheat and flour yield and color. 
By percentage of sound wheat is meant that portion of the sample 
remaining after all damaged kernels, seeds, dirt, and other grains 
have been removed. As in these studies the analyses were made on 
samples prepared for milling and after most of the impurities, such 
as seeds, dirt, and other grains, had been separated, the main factor 
to be considered is damage, other determinations averaging so low as 
to be almost negligible. 

An analysis of Table IIT from this standpoint reveals a direct con- 
nection between the flour yield and the percentage of sound wheat. 
With all three classes there is a fairly regular decrease in flour yield 
as the percentage of sound wheat decreases. 


Taste IlI.—Relation of weight per bushel and soundness of wheat to flour 
yield and color of bread in hard red spring, hard red winter, and soft red 
winter wheat of the crops of 1911, 1912, and 1918. 
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With regard to color, the relation is not so plain. With hard red 
spring wheat the color seems to vary somewhat with the percentage 
of sound wheat, but with the other classes there is no great regularity 
so far as the averages are concerned. 

A further analysis of Table III reveals the greater value of test 
weight and percentage of sound wheat in judging quality when these 
two factors are considered together. It will be noted that the wheat 
of highest quality from the standpoint of yield and color is both high 
in test weight and in percentage of sound wheat and that the wheat 
of lowest quality is low both in test weight and in percentage of sound 
wheat. On the other hand, these figures would seem to indicate that 
a sample which is low in test weight still gives a fairly high yield of 
good-colored flour provided it is sound. They would also seem to 
indicate the converse of this, that a sample low in percentage of 
sound kernels but high in test weight may be of fairly good quality 
as far as yield of flour and color are ¢oncerned, which indicates that 
the percentage of unsound wheat is not always an absolute measure 
of the extent of damage. 


INSEPARABLE FOREIGN MATERIAL, FLOUR YIELD, AND COLOR 
OF BREAD. 


In most of the samples milled, even after cleaning and scouring, 
there remained small percentages of weed seeds, dirt, chaff, and other 
grains which were ground when the wheat was milled. With the 
wheat of all classes except the spring wheat, this was such a small 
amount in the average sample as to be almost negligible. With 
spring wheat, foreign matter consisting of a variety of weed seeds 
and other grains, particularly wild oats, was present in amounts 
sometimes ranging higher than 14 per cent. The only noticeable 
effect of this material on the milling quality as revealed by a study 
of averages is a reduction of milling yield, as is evidenced in Table 
IV. This is what would be expected, only small quantities of these 
substances getting into the flour, as they go largely into the bran 
and shorts. No effect on the color of flour or bread is apparent from 
these figures. The effects of specific impurities, such as rye, corn 
cockle, kinghead, and vetch, have been described by R. C. Miller 
and investigations along this line are being continued. 


1Miller, R. C. Milling and baking tests of wheat containing admixtures of rye, corn 
cockle, kinghead, and vetch. U. S. Dept. Agr. Bul. 328, 24 p., 10 fig., 2 pl. 1915. 
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TABLE I1V.—General effect of small. quantities of inseparable material (other 
grains, seeds, dirt, and chaff) on yield of flour and color of bread made from 
hard red spring wheat of the crops of 1911, 1912, and 1913, inclusive. 


Number 
Inseparable material. of sur ee of 
samples. | Y2€°¢- read. 
Range (per cent): Per cent.| Score. 
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FLOUR STRENGTH. 
COMPARISONS OF LOAF VOLUME. 


The term “strength” as applied to flour has been defined and its 
significance discussed, as have also the two factors of loaf volume 
and texture, which in this bulletin are considered as a measure of 
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Fic. 12.—Diagram presenting a comparison of the strength of the flour (as indicated 


by loaf volume) from the five principal classes of wheat, showing variations and 

averages for each class. 
strength. In figure 12 a comparison is made of loaf volume deter- 
minations of five classes of wheat, including soft white wheat, with 
which a comparatively small number of tests were made. This dia- 
gram is so arranged as to show the extreme and ordinary ranges for 
each class, as weil as the average, maximum, and minimum loaf 
volume. From the data here presented it will be seen that the soft 
white wheats are as a class lowest in strength, soft red winter coming 
second, with durum, hard red winter, and hard red spring wheats 
following in order of increasing loaf volume. 

The ordinary range in loaf volume for the soft wheats is from 
1,700 to 2,200 cubic centimeters, for durum 1,800 to 2,300, for hard 
red winter 2,000 to 2,500, and for hard red spring wheat 2,100 to 2,700 
per 340 grams of flour. The extreme ranges in loaf volume, as indi- 
cated by maximum and minimum, are 1,435 to 2,320 cubic centimeters 
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for the soft white wheat, 1,470 to 2,480 for the soft red winter, 1,460 
to 2,650 for the durum, 1,810 to 2,755 for the hard red winter, and 
1,875 to 3,260 for the hard red spring wheat. -The figures show great 
variation, which is the result of growing these wheats under a wide 
range of conditions of soil and climate. In a general way the data 
gathered from year to year indicate that unfavorable climatic con- 
ditions during the later part of the growing season tend to produce 
the strongest wheats. This is illustrated with the hard red spring 
wheat of the years 1911 and 1912. In 1911 the latter part of the 
season was unfavorable and much shrunken wheat, low in flour yield, 
was the result. Much of the wheat of that year, however, was of 
exceptional strength. The following year (1912) the opposite was 
true. Unusually favorable conditions resulted in well-developed 
wheat high in flour yield, which was, however, of very low average 
strength for spring wheat. 


Fic. 13.—Cross sections of loaves of bread made from wheat grown near Shelbina, 
Mo., showing a considerable range in the quality of low-strength wheat. Loaf a, 
soft red winter wheat, with a volume of 1,935 cubic centimeters and a texture of 
94.5; b, hard red winter wheat (Turkey), volume 2,075, texture 95; and c, d, and 
é€, soft red winter, with volumes of 1,815, 1,785, and 1,715 and textures of 91.5, 
92, and 89, respectively. 


One fact clearly brought out by figure 12 is that there is no hard- 
and-fast line between the various classes, so far as strength is con- 
cerned, because of the wide range found in each. When averages 
are considered, however, differences of considerable magnitude are 
observed. Soft white and soft red winter are most alike, the average 
loaf volumes being, respectively, 1,907 and 1,965 cubic centimeters. 
Durum wheat is a close third, with a volume of 2,070 cubic centi- 
meters, although the flour from this wheat differs in other respects, 
particularly in color, as was shown in figure 11, and in composition, 
as will be shown later. Hard red winter and hard red spring wheats 
have average volumes of 2,219 and 2,421 cubic centimeters, respec- 
tively, which shows for these two classes considerable superiority 
over the others in strength of flour. It shows also that in strength of 
flour the spring wheat leads the hard winter by a good margin. 

Figures 13, 14, 15, and 16, reproduced from a series of photographs, 
will help to visualize these differences. Figure 13 shows several 
loaves of bread made from samples of soft red winter wheat and one 


20 BULLETIN 557, U. S. DEPARTMENT OF AGRICULTURE. 


of hard winter wheat, all of which were grown in the same locality 
in the State of Missouri. Loaf @is from a sample of soft red winter 
wheat, and its volume of 1,935 cubic centimeters is about the average 
for this class; loaf 6 is from a sample of hard red winter wheat of 
low strength, the vol- 
ume being recorded 
as 2,075 cubic centi- 
meters; while loaves 
c, d, and e are from 
samples of soft red 
winter wheat which 
were somewhat below 
the average strength, 
the volumes being 
1,815, 1,785, and 15 ma5 
Fic. 14.—Cross sections of loaves of bread made from a A X 
high-strength hard red winter wheat and two soft red cubic centimeters, re- 
winter wheat samples of about average strength for spectively. 
this class. Loaf a, hard red winter, volume 2,445 cubic 5 
centimeters, texture 96; b, soft red winter, volume In figure 14 loaf ais 


1,950, texture 88.5; and c, soft red winter, volume from asample of hard 
1,960, texture 89. eg 


red winter (Turkey) 
wheat which is considerably above the average for this class; im fact, 
its volume of 2,445 is about the average for spring wheat. Loaves } 
and ¢ are from soft red winter samples and are very close to the 
average volume for this class. 


Fic. 15.—Cross sections of loaves of bread made from hard red spring and hard red 
winter wheat. Loaf a, hard red spring, volume 2,615 cubic centimeters, texture 
95.5; b, hard red winter, volume 2,240, texture 94.5; c, hard red spring, volume 
2,720, texture 94.5; d, hard red winter, volume 2,460, texture 94. 


Figure 15 affords a comparison of loaves from hard red winter 
and hard red spring wheat. Loaves a and ¢ are from hard red 
spring wheat and are considerably above the average, their volumes 
being 2,615 and 2,720 cubic centimeters, respectively. They repre- 
sent, however, the results commonly attained with the stronger 
wheats of this class. Loaves } and d are from hard red winter 
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samples. The volume of 0 is 2,240 cubie centimeters, which is about the 
average for this class, and the volume of d is 2,460 cubic centimeters, 
which considerably exceeds the average for this class; in fact, it is 
a little above the average for hard red spring wheats. It repre- 
sents, however, the common type of loaf produced from the stronger 
hard red winter wheats. 


Fic. 16.—Cross sections of loaves of bread, showing a considerable range in the 
strength of hard red spring wheat and making a comparison of this class with 
durum wheat. Loaves a, 6, and c, from hard red spring wheat and having volumes 
of 2,520, 2,565, and 2,385 cubic centimeters and textures of 92, 95, and 94.5, 
respectively ; d, from durum wheat, having a volume of 1,955 and a texture of 
93.5. 


Three loaves from hard red spring (a, b, and ¢c) and one from 
durum (d) are shown in figure 16. The volumes are, respectively, 
2,520, 2,565, 2,385, and 1,955 cubic centimeters; the first two being 
above and the last two somewhat below the averages for their 
respective classes. 

COMPARISONS OF TEXTURE. 


Before going farther with the discussion of strength, the related 
factor of texture should be considered. Comparisons of texture 
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Fig. 17.—Diagram presenting a comparison of the texture of the bread from four 
classes of wheat, showing their range and the average for each class. Samples from 
the crops of 1911 to 1913, inclusive. 

similar to those of loaf volume are made in figure 17. As the tex- 

ture scoring system was not used until 1911, fewer samples were 

available in compiling this diagram, and it was necessary to omit 
the white wheats. Ina general way the variations in texture parallel 
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those in loaf volume, although the differences are not so marked. 
The average variation in texture between the several classes is 
largely an indication of differences arising from the number of 
cavities in the loaf, which is clearly related to the thickness of the 
walls of these cavities and consequently to the character of the 
crumb. When the walls of the cavities are very thin the bread is 
elastic and yielding to the touch, does not crumble easily when cut 
into thin slices, but is nevertheless tender and free from toughness. 
Bread with thick cell walls may be brittle, or very crumbly and 
harsh to the touch when cold, or rubbery and lacking tenderness. 
Soft wheats tend toward the former, while the very hard wheats of 
poor quality tend toward the latter condition. 


RELATION BETWEEN CRUDE PROTEIN IN WHEAT AND THE 
STRENGTH OF FLOUR. 


The strength of wheat flour apparently bears a very intricate rela- 
tion to its composition. The physical properties of the proteins of 
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Fic. 18.—Diagram showing the variations in crude protein of four classes of wheat. 
Samples from the crops of 1908 to 1913, inclusive. 


the wheat kernel have long been known to be chiefly responsible for 
those characters of wheat flour which differentiate it from the flour of 
other cereals with regard to its ability to retain the gas produced by 
yeast fermentation. 

Figure 18 shows graphically the ranges and averages of the crude 
protein content of soft red winter, durum, hard red spring, and hard 
red winter wheats. With soft red winter wheat the extreme range is 
from between 7 and 8 to between 14°and 15 per cent, nearly 90 per 
cent of the samples, however, falling between 9 and 12 per cent, the 
average being 10.6 per cent. This average is 1.5 per cent lower than 
the next highest, which is hard winter wheat. The crude protein 
content of durum wheat averages 14.3 per cent and the extreme range 
is from 9 and 10 to between 18 and 19 per cent, with about 88 per cent 
of the samples falling between 11 and 17 per cent. 

Figure 19 shows the relation between the total crude protein of 
wheat and the strength of the flour within the three classes of common 
wheat under discussion. 
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This shows a general increase in strength with an increase in pro- 
tein content, the only exception being with hard spring wheat having 
a crude protein content of over 15 per cent. Between the lower per- 
centages of protein wider variaticn in volume is noticeable with all 
classes than between the higher percentages. In fact, many samples 
having a very high protein content are lower in strength than those 
having a medium content. 

This exception is an illustration of the fact that total crude pro- 
tein is not always an indication of strength due apparently to differ- 
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Fie. 19.—Diagram showing the relation between the protein content and 
the loaf volume of soft and hard red winter and hard red spring wheat. 
Samples from the crops of 1909 to 1918, inclusive. 


ences in the composition or properties of the gluten protein or, as 
has been shown by the number of investigators, to the presence or 
absence of associated inorganic substances.t In this connection men- 
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tion should also be made of durum wheat, which on the average has 
the highest crude protein of any wheat, but which is of only medium 
strength. . 

The wide difference between durum and common wheat in the rela- 
tion between these factors has been mentioned. Some differences in 
the relation of crude protein to loaf volume or expansion are also 
observed with other classes of wheat. For a given percentage of 
protein the loaf volume is greater for hard red spring wheat than 
for either-hard or soft red winter wheat and is greater for hard 
winter than for soft winter wheat. This is illustrated in figure 19. 


PROTEIN CONTENT OF WHEAT AND FLOUR. 


Since in baking flour is used rather than the wheat itself, it is of 
interest to note the relation between the protein content of flour and 
that of the wheat from which it is made. The data in Table V show 
the general variations to be expected, and it is evident that the pro- 
tein content of the flour, as a rule, is considerably lower than that of 
the wheat, though in a small percentage of cases it appears to be 
slightly higher. 

TasLE V.—Relationship between the crude-protein content of wheat and that 


of straight flour produced from hard and soft red winter and hard red spring 
wheat of the crops from 1909 to 1913, inclusive. 


Proportion of samples falling into various ranges in crude- 
protein content of wheat (per cent). 
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Cases where the protein content of flour is higher than that of the 
wheat are evidently abnormal and are explained by the differences in 
the moisture content of the wheat and of the flour. A sample of 
wheat of unusually high moisture content might appear to have a low 
percentage of protein, while the flour having a moisture content seyv- 
eral per cent lower might appear higher. This seeming inconsistency 
could be eliminated by calculating constituents to a dry basis, but 
this hardly seemed desirable, as it makes the interpretation of results 
more complex from a commercial standpoint. 


\ 
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The average protein content of the wheat and of the straight flour 
is compared in Table VI. With all three classes the protein in the 
flour averages about 1 per cent less than in the wheat. 


TaBLE VI.—Average crude-protein content of three classes of wheat and of the 
Straight flour made therefrom. 
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WATER ABSORPTION OF FLOUR. 


The importance of the water-absorbing power of flour in its rela- 
tion to bread-making quality has been mentioned. Figure 20 will 
emphasize what has been said of the connection of water absorption 
with the weight of the baked loaf. It will be observed that as the 
absorptive power increases there is a proportional increase in the 
weight of the loaf, due to the water retained in the bread during 
baking. That under average conditions the proportion of absorbed 
water retained remains practically constant is also shown diagram- 
matically in figure 20. 

In figure 21 a comparison is made of the flour from the five classes 
of wheat under discussion, and it will be observed that the flour from 
the soft white wheat has the lowest average absorption, while the soft 
red winter wheat comes second. The hard wheat classes, including 
the durum, do not show any very great differences, although the hard 
red winter wheat averages slightly lower than the other two classes. 
The extreme range in water absorption is narrowest in the soft wheat 
and widest in the durums. There would seem to be a fairly close 
connection between the gluten content or crude protein and the ab- 
sorptive power of flour, as will be seen by comparing figure 21 with 
figure 18. 

SUMMARY. 


(1) Normal, plump, dry, and sound wheat of all classes yields 
approximately the same percentage of flour. Over 80 per cent of 
the samples of each of the three classes of the more common wheats, 
soft and hard red winter and hard red spring, yielded between 67 
and 75 per cent of flour. 

(2) There is a direct relation between milling yield and the mois- 
ture content of wheat, and in a general way the yield varies inversely 
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with the moisture content. Were it possible to eliminate other fac- 
tors, such as variation in plumpness of the kernels, it is probable that 
this relationship would be more apparent. 

(3) The weight per 1,000 kernels or average weight of kernels has 
very little value in judging the potential flour yield. 

(4) Although there are frequent exceptions when individual sam- 
ples are considered, average results show a very striking relation 
between weight per bushel and flour yield, the latter varying directly 
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Fic. 20.—Diagram showing the relation between the water absorption of the flour and 
the total weight and water retention of the baked loaf. A, Comparison of water 
absorbed by the flour, water retained in the bread, the water evaporated during 
baking, and the weight of the baked loaves; B, curve showing the proportion of 
water absorbed by the flour which was retained during baking. 


as the former. The ratio between these two figures, however, is not 
quite the same for the different classes, nor is it the same for ali 
varieties within each class. 

(5) In color the bread from the flour of the various classes of 
common wheat shows about the same ranges and averages. The 
flour from durum wheat is considerably more creamy and thus 
averages several points lower than that of any other class. 
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(6) Bread from all normal durum samples has a tinting or colora- 
tion, varying from slightly creamy to bright yellow, while of the 
hard red winter samples 77.6 per cent show a noticeable creamy tint; 
of the hard red spring samples, 69.5 per cent; and of the soft red 
winter samples only 18.9 per cent. 

(7) The general results indicate that test weight and soundness, 
when considered together, are of far more value in appraising 
quality than when either is considered by itself. 

(8) Small amounts of inseparable material are generally accom- 
panied by a decrease in flour yield, as would be expected, in that as 
a rule a large part of such material usually finds its way into the 
bran and shorts. 

(9) Loaf volume and texture are the two factors which are con- 
sidered as indicative of strength. While a great range of strength 
was found within each class of wheat, the averages for each class 
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Fic. 21.—Diagram presenting a comparison of the water absorption of the flour of five 
classes of American-grown wheat, showing variation, general range, and average for 
each class. Samples from the crops of 1908 to 19138, inclusive. 


show considerable differences between the various classes when con- 
sidered as a whole. Given in order from weakest to strongest the 
classes are soft white, soft red winter, durum, hard red winter, and 
hard red spring wheat. 

(10) The average loaf volume in cubic centimeters for each of 
these classes is soft white wheat, 1,909; soft red winter, 1,965; durum, 
2,070; hard red winter, 2,219; and hard red spring, 2,421. In the 
matter of texture the several classes stand in the same order, except 
that soft red winter has a slight advantage over durum wheat. 

(11) Of the four more important classes of wheat under consid- 
eration, durum is the highest in crude-protein content; hard red 
spring, second; hard red winter, third; and soft red winter, fourth. 

(12) High crude-protein content as a rule is accompanied by high 
strength, but the relation between these two factors varies with the 
different classes of wheat and extremely high crude-protein content 
is sometimes accompanied by a decrease in baking strength. 

(18) The average water absorption of the flour from durum and 
from hard red spring wheat is about the same, and that of hard 


28 BULLETIN 557, U. S. DEPARTMENT OF AGRICULTURE. 


red winter is only shghtly lower. The water absorption of the soft 
wheats averages from 3 to 4 per cent lower than for the hard wheats. 
The range of water absorption of each class varies within wide 
limits. 

(14) There is a direct relation between the water absorption of 
the flour and the bread yield of a unit quantity of the same. As a 
rule, the higher the absorption the greater the weight of the loaf. 
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INTRODUCTION. 


The need for definite knowledge of methods and costs of marketing 
grain at country points has led the Department of Agriculture, 
through the Office of Markets and Rural Organization, to undertake 
a comprehensive study of the subject. The need for such informa- 
tion has found expression chiefly from three sources: (1) The grain 
trade of the Middle West, both at country points and at central 
markets, as well as the farmers of this section; (2) producers and 
merchants located in the cotton belt, in some parts of which a grain 
surplus has existed for the first time during the last two years, the 
successful marketing of which is handicapped by inadequate handling 
facilities; (3) producers and dealers of the Pacific slope, where the 
process of transition from the present method of handling grain in 
bags to the more modern and efficient bulk system, used in the 
Middle West, is demanding serious consideration. 

In order to contribute toward the information needed a general 
survey of the grain-handling methods in vogue in the surplus- 
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producing grain States of the Middle West was undertaken during 
the year 1915. Producers, officers and members of grain exchanges 
at terminal points, managers and owners of country elevators, includ- 
ing cooperative, independent, and “line” elevators, together with 
the officers of their associations, were interviewed at length, and 
extended studies were made of methods and costs of marketing grain 
at country points. 

Such a vast amount of information has been obtained that only 
a general summary of existing conditions will be attempted in this 
bulletin. It is probable, however, that certain features, of necessity 
discussed more or less briefly at this time, will be made the subject 
of future publications. 


FUNCTION OF THE COUNTRY ELEVATOR. 


In the grain belt the local elevator occupies an important position 
in the life of the rural community. The importance of the several 
functions of the elevator varies considerably in different sections of 
the country. 

PROVISION OF LOCAL MARKET. 


The primary function of the country elevator is to provide a local 
market for the surplus grain of the community. It is the practice 
in many places for the elevator to remain open throughout the year, 
thus affording the producer, or others having grain for sale, an op- 
portunity to dispose of it on any business day of the entire year. 
This everyday market is an important, though not always appreci- 
ated, privilege which affords the farmer wide opportunity in the 
marketing of his crop. It enables him to sell his grain at the time 
when, in his judgment, the price is the most favorable or to market at 
a time when it interferes least with_other farm operations of greater 
concern than market-value fluctuations. 


SEASON FOR MARKETING. 


In newly developed sections of the country where capital is lim- 
ited and the production and marketing of grain forms a major por- 
tion of the farming operation, the grain is usually marketed im- 
mediately after harvest. Almost all the grain which leaves these 
farms, therefore, is received by the elevators during a period of a 
few months. In fact, in territories where this system of immediate 
marketing prevails, many managers close the elevators during the 
remaining eight or nine months of the year, thus automatically pro- 
hibiting farmers who do not wish to sell their grain at harvest 
time from the full privilege of a local market throughout the year. 

When such a community is supplied with several elevators, one or 
two of them sometimes remain open for business, which prevides a, 
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local market at all times. Usually, however, elevators remaining 
open profit to a less degree than those operating during the harvest- 
ing and marketing periods only. The latter are not burdened with 
excess operating expenses, such as salaries, fuel, hight, etc., during 
that portion of the year when comparatively little grain is received, 
while the houses kept open throughout the season rarely receive | 
enough grain during the postmarketing season to compensate for 
the cost of operation. Neither do the latter houses distribute the 
cost of operation on a per-bushel basis, because the price paid for 
grain during the heavy marketing season is fixed by competitive 
houses, which establish their figure upon the short-season basis. 
If the house open throughout the year attempted to lower prices dur- 
ing the heavy marketing season in order to accumulate a surplus fund 
for the purpose of meeting operating expenses during the remainder 
of the year, little grain would be received, because the farmer would 
sell to the highest bidder, which would be the short-season house. 
If, however, the house open throughout the year is able to purchase a 
considerably larger volume of grain during the heavy marketing 
period than its short-season competitors, it may be in a position to 
pay the same price, and, on account of the increased volume, to make 
a proportionately greater profit, thus providing for operating ex- 
penses for the remainder of the year. Sometimes side lines are car- 
ried to offset the difference in operating expense. It would seem 
that price and other factors being equal, the houses that seek to 
operate throughout the year should be encouraged. 


COLLECTION AND STORAGE OF GRAIN. 


Unless the country elevator is operated in connection with a mill 
or some other manufacturing plant, it does not consume the commod- 
ities received from the producers, but functions only as a collect- 
ing point from which the grain is started to larger marketing centers 
or to manufacturer and consumer. Such a collecting and shipping 
point, if operated economically, is undoubtedly a great convenience 
to a community. In the absence of such a local market the producer 
is forced to dispose of his surplus grain at distant points, thus entail- 
ing inconveniences and marketing hazards. Hence, to serve as a col- 
lecting point for the surplus grain of a community, furnishing at the 
same time the most direct route to a favorable market, is an important 
function of the country elevator. 

The country elevator also serves as a temporary storage place 
where small lots of grain delivered by the various producers are col- 
lected until a volume is accumulated sufficiently large for economical 
sale and transportation. In communities where a comparatively 
small quantity of a certain variety of grain is marketed, several weeks 
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may be required to accumulate a car-lot shipment. In such instances 
it is necessary for the country elevator to provide facilities for sepa- 
rate storage of this grain, which makes the cost of handling excessive. 
Often the prospect of a more favorable future market apparently 
warrants the storing of grain for a considerable period. Frequently 
country elevators also store grain for farmers who desire to hold 
their product for a more favorable market. 


CLEANING AND CONDITIONING GRAIN. 


Some country elevators are provided with equipment for cleaning 
and conditioning grain. While such equipment is expensive, its use 
frequently improves the quality of the grain and increases its market 
value. Sometimes grain comes to the elevator in poor condition, 
often being dirty, dusty, or with high moisture content, and unless 
the quality is improved by cleaning or drying, the grain can not be 
disposed of advantageously. Moreover, grain containing impurities, 
foreign matter, or a high moisture content is quite likely to become 
hot in transit, which greatly reduces its value and frequently results 
in serious financial less. If the elevator is not provided with suitable 
equipment for this process such grain must be shipped in the con- 
dition in which it is received. The farmer should not place all 
responsibility for cleaning grain on the elevator. It should be 
remembered that elevator managers do not pay grain prices for the 
dirt and water found in a farmer’s grain. Rather they establish the 
price by taking into consideration the necessary expense of placing 
the grain in marketable condition. The farmer who delivers clean, 
dry, sound grain should receive a premium over the price paid to his 
more careless competitor. Farmers who deliver grain of inferior 
quality should be willing to submit to a discount. 

The country elevator in some sections cleans the grain received 
and returns the screenings to the producers. The screenings are 
sometimes of considerable value for feeding purposes, selling for as 
much as $10 to $25 per ton. In sections of the country where wild 
oats are commonly found mixed with the small grains, from 2 to 40 
per cent of the grain delivered at the elevator may consist of screen- 
ings. At several stations in North Dakota the “dockage” for the 
1914 season crop of wheat averaged 6 pounds per bushel. In other 
words, the equivalent of every tenth load of grain delivered at the 
elevator was screenings, for which the farmer received no return 
unless the elevator was provided with cleaning equipment. Some- 
times a charge is made for cleaning, usually from 1 to 2 cents per 
bushel, bulk weight. ; 

Cleaning equipment is much more important in some sections of 
the country than in others. Houses provided with cleaning machin- 
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ery usually have the advantage over competitors not so equipped, 
for obviously they are the only ones that can handle a low-grade crop 
and market it in proper condition. Ordinarily the farmer will fare 
better if he cleans his grain on the farm before marketing and retains 
the screenings for feed. 


HANDLING SIDE LINES. 


The sale of coal, salt, cement, and other side lines may not be listed 
properly as a function of the country elevator, nevertheless many of © 
them seek such patronage. Side lines are handled by the country 
elevator as a source of additional profit, the exact amount of which 
depends upon several factors. (Generally speaking, the greater the 
volume of business the less will be the cost per unit for handling; 
therefore it is necessary to consider the expected volume of business. 
This will depend upon several things, especially the demand of the 
consuming trade and the competition from other merchants. The 
margin demanded by the dealer to cover cost of handling and profit 
should depend upon whether the commodities are disposed of on a 
cash or credit basis. A wider margin must be exacted if sold on 
credit to cover the interest on the increased capital required to 
finance the business. Moreover, the difficulty experienced in collect- 
ing every claim injects a hazard that must be protected. Many coun- 
try elevators, particularly those of the cooperative associations, have 
failed to consider the credit losses, and, as a result, the side lines not 
only fail to yield a profit but frequently suffer an actual loss, which, 
in turn, is borne by the profit derived from the handling of grain. 

Many elevators attempt to do business on too narrow a margin, 
particularly those which extend credit. Thus, if flour worth $2 
per bag is handled on a margin of 10 cents, a common practice, the 
failure to collect for a single bag counteracts the profits from 20 
bags. The important item frequently overlooked in handling side 
lines on a credit basis is the interest on outstanding accounts. Thus, 
if $25,000 is invested in an elevator and its equipment and its books 
show an outstanding credit of $10,000 or $15,000, interest should be 
charged against the entire amount. 

In some sections farmers frequently sell and deliver their grain to 
the elevator but do not request payment for some weeks. ‘The ele- 
vator operator who immediately sells the grain has the use of the 
proceeds without interest pending settlement with the farmer. 

The interest on outstanding credit is an important item to be con- 
sidered in determining the cost of operating the elevator and in arriv- 
ing at the profits derived from the business. Frequently the money 
employed to carry credit accounts is borrowed from the local bank 
or from other sources at the regular interest rate. The elevator is 
fortunately situated, in that many of the credit customers are farm- 
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ers from whose grain account the outstanding obligations may be 
deducted. 

The collection of claims does not influence the interest item in its 
relation to the cost of operation. The opinion is generally expressed 
that side lines increase but slightly the cost of operating an elevator, 
since the grain business requires constant attention only at certain 
seasons of the year, and both men and equipment may properly be 
employed in handling them during slack periods. Nevertheless, 
“many elevator managers feel that, unless the volume of business jus- 
tifies the employment of a force giving its entire time to their man- 
agement, side lines detract from the success of the grain business. 

In certain sections of the country the grain business is conducted 
as an adjunct to some other enterprise, a bank, grocery, lumber yard, 
or general merchandise store furnishing the chief source of revenue. 
When this arrangement prevails the elevator usually is regarded as a 
collection agency for the principal enterprise. A merchant handling 
such a side line usually pays relatively high prices for grain, con- 
ducting his business on a narrow margin, with little or no profit, 
but depending upon the customer to expend his surplus money in the 
purchase of other articles of merchandise on which a larger profit is 
expected. The advantage of this arrangement, from the viewpoint 
of the merchant, is in obtaining the good will of the producer 
through the practice of paying high prices for grain that additional 
patronage may be secured for the principal line of endeavor. For 
the producer this arrangement is satisfactory provided he is able to 
purchase as judiciously from the merchant-grain-dealer as elsewhere. 
Independent grain dealers in competition with an elevator run on 
this basis, however, are seriously handicapped, as they are forced to’ 
meet the prices paid for grain by elevators which are operated with 
little or no direct profit. 


METHODS OF PURCHASE. 


There are several methods open to the farmer when he is ready to 
dispose of his grain. It may be sold to a local elevator or, if a car- 
load is available, it may be shipped direct to a terminal market, mill, 
or other consumer. If the grain is marketed locally, it may be sold 
a load at a time at the prevailing price or arrangements may be made 
with the elevator operator to sell it at a fixed price, a date being 
named when delivery must be completed. Sometimes the dealer 
places the grain in storage until such time as the grower wishes to 
sell his crop or the farmer may sell it for delivery at some stated time 
in the future. Regardless of the manner in which a sale is made, 
the price usually is established in one of four ways: (1) By a flat 
rate, (2) by grade, (3) by grade subject to dockage, or (4) by grade 
after cleaning. 


MARKETING GRAIN AT COUNTRY POINTS. 4 
PURCHASES AT A FLAT RATE. 


If purchased at a flat rate, the buyer takes all of the grain at a 
fixed price. To do this some knowledge must be had of the quality 
of a farmer’s grain or a sufficiently large margin of profit must be 
demanded as protection against loss in event of poor quality. Under 
this system of equal price it is evident that the producer of high- 
quality grain usually receives less than it is worth. 


PURCHASES BY GRADE. 


When purchased by grade the price is established for grain of a 
certain quality. In case the grain delivered is of a lower grade, either 
because the grain it- 
self is-inferior or on 
account of the pres- 
ence of dirt, a defi- 
nite amount is deduct- 
ed from the price. In 
the past the grades of 
the small grains have 
been determined prin- 
cipally by the test 
weight per measured 
bushel, but in some 
instances other fac- 
tors, such as excessive 
moisture, must, smut, 
damaged and sprout- 
ed grains, were also 
considered. Each of 
these factors has a 
definite weight in the 
grades which are be- 
ing fixed by the Sec- 
retary of Agriculture 
under the United States grain standards act and will probably be 
considered more carefully in the future. 


Fig. 1.—Hand tester commonly used at country elevators. 


MAKING TEST WEIGHT. 


Farmers generally understand the use of the test weight per bushel, 
but have no means of knowing all of the other considerations, so for 
fear of offending the. customer the buyer frequently pays more for 
damaged grain than it is worth, adjusting the loss by a corresponding 
reduction in the price paid for better grades. The method of mak- 
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ing a test weight varies widely at different elevators. Usually, how- 
ever, it is made with a hand scale (see fig. 1), which has a kettle hold- 
ing one or two quarts, the beam being graduated to read direct in 
pounds per bushel. The weight can be varied considerably by the 
manner in which the kettle is filled. Often it is merely dipped into 
the grain. Again it is partly buried and the grain scooped in over 
the sides with the hands, or the grain may be poured into the kettle 
from varying elevations, either a handful at a time or in a constant 
stream. In removing surplus grain (in order to level the kettle) an 
instrument is sometimes used that tends to pack it into the kettle. 
Frequently the kettle is jarred to settle the grain before the surplus 
is struck off, while in many places the beam of the scale is used for 
striking off the surplus, and this eventually wears the edges to such 
an extent that inaccurate weights are obtained. Thus, unless a uni- 
form method of making the test prevails, there is opportunity for 
considerable variation in the test weight of the same sample. 

The department has now adopted, in connection with the enforce- 
ment of the United States grain standards Act, a standard method 
and apparatus for determining the test weight of grain, which is 
being used generally. 


VARIATION IN TEST WEIGHT. 


During the summer cf 1915, 154 samples of wheat, oats, and rye 
were taken at various elevators in the grain belt, and the elevator 
operators were requested to supply the test weights as ascertained 
by them. The samples were then placed in air-tight containers, 
shipped to the Office of Markets and Rural Organization, and the 
test weight at once determined with a scale similar to the one used 
in the standard method adopted by the Department of Agriculture. 

The number of samples taken was not sufficient to justify exact 
conclusions, but the results obtained indicate that there is consider- 
able variation. 

Only 10 of the 154 samples showed a higher test weight here than 
at the country elevator, the maximum difference being 4.5 pounds. 
Sixteen samples showed no difference, while 128 tested lower here 
than at the elevator, the greatest variation being 6.5 pounds. The 
average of the test weights obtained at this office was 1.34 pounds 
lower than the average of the test at country elevators. 

The country dealers frequently allow the test weight that is shown 
when the poise is moved far enough on the beam to bear it down (as 
in fig. 1), while the inspectors at terminal markets use the weight 
shown when the beam balances, or at the nearest half-pound frac- 
tion before that point. In this way the farmer frequently secures the 


1 Boerner, BE. G. Improved apparatus for determining the test weight of grain with 
a standard method of making the test. United States Department of Agriculture, 
Bulletin 472, 1916. 
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advantage of one-half pound or more in the test. In an effort to 
offset these losses some elevator operators, where the grade of wheat 
used as a standard calls for a test weight of 59 pounds, purchase the 
wheat on the basis of a test weight of 60 pounds. 


VARIATION IN GRADE. 


Deductions are nearly always made when the grain delivered is 
not equal to the grade contracted, but out of 163 elevators from 
which data on the subject were obtained only 50 paid a premium to 
the farmer when the grain delivered was of a higher grade than that 
commonly purchased. At the remaining 113 elevators the farmer 
with grain of exceptional quality realized nothing additional for it, 
any premium which the grain should command being either added to 
the profits of the buyer or used in equalizing excessive prices paid 
for inferior grain. 

While some attempt at least is made to buy wheat, oats, and 
other small grains by grade at nearly all points, until recently almost 
no effort has been made to purchase corn in this manner, the same ~ 
price being paid for all corn received, regardless of variation in any 
of the factors contributing to the grade, including color, moisture 
content, and the percentage of dirt and damaged grains. This 
method of paying for grain does not offer many inducements to the 
farmer to handle his grain properly. 

Yield and other factors being equal the farmer should grow 
corn of the color commanding the best price in his market; of a 
variety showing a low moisture content when properly cared for; 
should harvest and store his crop in a manner insuring a low per- 
centage of moisture and damaged grain; and should insist, in return, 
that the dealer pay him for the superior quality of his grain. Sam- 
ples of corn taken during the fall of 1915 indicated that the dealers 
were paying the same price for corn ranging anywhere from 19.4 
to 25.1 per cent of moisture and containing from a trace to 7 per cent 


of damaged grain. In one instance a dealer in Ohio paid the regular 


price for a load containing 23.4 per cent moisture and 6.5 per cent 
damaged grain, mixing it and other similar loads with other corn of 
the same color. The carload shipments tested from 21 to 22 per cent 
moisture at a near-by mill, so it is evident that the shipper was ob- 
taining some corn testing close to 19 per cent. On the day that this 
load of corn was bought, the elevator manager was paying 50 cents 
per bushel. He was offered 60 cents on track for corn guaranteed to 
arrive cool and sweet at New England points, but because of the high 
percentage of moisture and damaged grain present, it was sold to a 
near-by mill at 54 cents. It is apparent that if the corn of good qual- 
ity had been kept separate it might have been sold on the New Eng- 
land bid without assuming any great risk. The near-by mill, which 
93179°—Bull. 558—17-—2 
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was equipped with driers, would have purchased the remainder at a 
very small reduction from the price obtained for the entire lot. If 
the dealer had kept the better corn separate he could have paid the 
farmers who marketed good corn considerably more and would not 
have been compelled to discount the poor corn very heavily. Other 
dealers were taking yellow, red, white, and white-cap corn all at the 
same price, although they were selling white and mixed corn at 3 
cents under the price of yellow. 
PURCHASE BY GRADE SUBJECT TO DOCKAGF. 


By this method the quantity of foreign matter in a sample of the 


grain is determined by the aid of screens. Settlement is then made 
on the basis of the weight and grade of clean grain. The dockage 
system of buying has this advantage over buying by grade without 
the determination of dockage; a definite deduction is made to cover 
the weight of the dirt and weed seed in the grain, rather than leaving 
it to the guess of the buyer. As with the test weight, however, errors 
are possible in ascertaining the dockage. The method possesses the 
apparent disadvantage of not allowing the seller anything for screen- 
ings, which, in some cases, could be used advantageously for feed- 
ing on the farm. Usually, however, the value of the foreign material 
is taken into consideration in arriving at the price paid for the grain. 
Grades for wheat established by the department under the United 
States grain standards Act are made on a dockage basis.1 
PURCHASE BY GRADE AFTER CLEANING. 

In some sections elevators are equipped with machinery which 
cleans the grain before it is weighed; the screenings are returned 
to the farmer, and settlement is made for the weight and grade of 
the cleaned grain. It is a rather surprising fact that this method is 
not used more widely than it is at the present time, for while one of 
the first machines for this purpose were first installed over 20 years 
ago, the practice is still confined to a relatively small territory. On 
the whole, it would seem better for farmers either to provide them- 
selves with machinery for cleaning the grain properly on the farms 
before it is marketed or for the country elevators to adopt more 
generally the method of cleaning the grain and returning the screen- 
ings to the farmers before weighing and grading. 

DIRECT SHIPMENT BY THE PRODUCER. 

If the farmer prefers to ship his grain rather than to dispose of it 
at the local market, the conditions confronting him are similar to 
those surrounding the country elevator, except that instead of hav- 
ing fairly adequate machinery for loading the grain into cars he 
usually must shovel it from the wagons into the cars or purchase a 
portable elevator. The farmer should endeavor to ship at least a 


1U. S. Department of Agricultrue. Office of Markets and Rural Organization. Service 
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minimum carload, for he will be compelled to pay freight on at 
least that amount in any event. This minimum varies in different 
parts of the country, and the railroad agent should be consulted re- 


garding the precise minimum weight for a carload. 


METHODS OF SALE. 


When the country-elevator operator is ready to market his grain 
it may be sold “on track” or “to arrive,” or it may be “ consigned.” 
Possibly its disposition may have been effected some months in ad- 
vance by a sale for future delivery. 

SALES “ON TRACK” AND “TO ARRIVE.” 

In nearly all sales “on track” or “to arrive,” the price, usually a 
definite one, is fixed before shipment is made. In the case of an on 
track sale the buyer pays freight charges, the seller meeting them if 
the shipment is sold to arrive. The seller, in on track or to arrive 
sales to interior mills or dealers at points where there is no inspection _ 
usually has no other charges to meet, with the possible exception of 
a bank exchange fee, which is sometimes charged on drafts. In such 
cases it is customary for the buyer to pay the exchange on on track 
sales and the seller on sales to arrive. It is also understood, unless 
the contract of sale specifically provides otherwise, that the shipper 
guarantees the condition and weights of the grain at destination in a 
to arrive sale, but in the case of an on track sale he guarantees simply 
that the weight and grade loaded into a car agrees with the terms 
of the contract and bill of sale. 

In the case of shipment to a terminal market, the consignor, in 
addition to paying the freight on a to arrive sale, also pays the 
weighing and inspection charges, and, in some instances, pays inter- 
est on draft against the shipment. There are other charges which 
it is customary for the shipper to meet in certain markets. If the 
seller in making a sale on track guarantees the weight and grade of 
the shipment to a market, it is usual for him to pay charges incidental 
thereto as in a to arrive sale. 

In sales to arrive or on track a specified time of shipment such as 
3, 5, 10, or 15 days usually is fixed, and shipment must be made 
within that period. In other instances, terms of to arrive sales call 
for a specified delivery at destination in the same manner. At times 
shippers make on track or to arrive sales for delivery some months 


in the future. Shippers, for example, sell new corn in July and 


August for shipment in November and December. This practice 
is not to be generally commended or encouraged, because of the like- 
lihood of future misunderstandings. However, when dealers make 
future delivery contracts with farmers for their grain it affords them 
a method of protection against loss on such purchases. In consider- 
ing either to arrive or on track sales, it must be understood that there 
are numerous ways in which these contracts may be modified. The 
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Grain Dealers’ National Association has adopted uniform trade rules 
and a standard form of contract, while many of the terminal markets 
have similar regulations. To avoid misunderstandings, beth buyer 
and seller should insist on the exchange of written agreements clearly 
setting forth the terms of sale. 

CONSIGNMENTS. 

When the grain is consigned to a commission merchant at some 
terminal market it is, in accordance with the shipper’s wishes, either 
sold by the merchant upon arrival or stored in an elevator or held 
in cars pending further instructions. After final disposition the 
commission merchant renders an account sale, which sets forth the 
gross amount received for the car, amount of his commission (usually 
from one-half to 1 cent per bushel, varying with the market and va- 
riety of grain), freight charges, and weighing and inspection fees, to- 
gether with the interest on any money advanced on the shipment. In 
some markets there are still other charges, such as switching or eleva- 
tor fees, in case the grain has to be cleaned, dried, or stored. Any bal- 
ance due the shipper not covered by amount of draft advanced is 


then remitted. © 
RELATIVE USE OF METHODS. 


From information obtained from various elevators in the surplis- 
grain States of the Middle West during the year 1915, it appears that 
approximately 50 per cent of the grain received was sold on track; 
29 per cent to arrive; and 21 per cent consigned. In Minnesota and 
the other grain States of the Northwest nearly all of the shipments 
from the elevators reporting were consigned, while in States east of 
the Mississippi over 75 per cent was sold on track, the remainder 
being about equally divided between sales to arrive and consign- 
ments. In Texas and Oklahoma over 50 per cent was sold to arrive 
and most of the remainder was sold on track, these States consign- 
ing very little. The proportion consigned as compared with the 
amount sold on track or to arrive increased with great regularity 
from the eastern and southern portion of the grain belt toward the 
Northwest. Experience and observation show that these propor- 
tions will vary somewhat each year in accordance with the condi- 
tion of the crop, a larger proportion being consigned when the 
quality is poor than when good. This is due to the fact that when 
the quality is generally poor a car of good grain frequently is sold 
at an exceptional premium, while it is impossible to tell what a poor 
quality is worth by description and a better price can usually be ob- 
tained by consigning it to a large market, where all classes of buyers 
will have an opportunity for examination before bidding for it. 


PLACE OF SALE. 


Usually consignments are made either to commission merchants 
at terminal points or to small market brokers, the latter ultimately 
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Fic. 2.—Principal channels for distribution of grain and grain products. 


The purpose of this diagram is to list the important agencies handling grain and grain 
products and, in so far as it is possible by means of a diagram, to show their natural 
relationship to each other and to the producer and consumer. The width of the line 
leading to and from each agency indicates in a general way the comparative volume of 
trade passing through this channel, the arrow indicating the direction of the movement. 
Commercial intercourse between coordinating agencies is indicated by cross lines. In 
some instances transactions may take place between agencies in the reverse order in which 
they are listed, thus bringing about what appears from the diagram to be a backward 
movement. Such transactions, however, are infrequent and do not influence the general 
direction of the movement to any great extent. The diagram is not intended to show 
any precise or sharply defined routes traveled by grain in passing through the channels 
of trade from producer to consumer, nor is it intended to show the relative merit or 
value of the service contributed by the several agencies to the present system of grain 
marketing. 
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disposing of the shipments to local dealers. Sales to arrive or on 
track may be made direct to buyers at terminal markets, millers, 
retailers, or consumers, or the services of a broker may be utilized 
in securing the attention of desirable purchasers (see fig. 2). Grain 
may also be sold to country track buyers at near-by points, or to 
carload jobbers in consuming territory. 

When a sale is effected through a broker, he may act either as the 
agent of the buyer or the seller, usually, however, in the latter capac- 
ity. A commission usually varying from one-eighth to one-half cent 
per bushel is paid for his services. In communities where large num- 
bers of buyers congregate it is evident that the broker, by reason of 
his more intimate knowledge of the conditions in his particular 
market, is often in position to secure better prices for the grain than 
his chent could possibly hope to attain. 


TERMINAL-MARKET BUYERS. 


The terminal-market buyer either purchases his supply of grain 
from commission merchants upon the floor of the exchange or direct 
from outside shippers, subject to the weights and inspection of his 
market. To the shippers he usually submits to arrive or on track 
bids by mail or telegraph after the close of each day’s market. These 
offers or bids may be accepted at any time previous to the opening 
of the market on the following day. The country dealer soon learns 
that his drafts usually will be met promptly by the terminal market, 
and also, after a little experience, he knows how his weights will com- 
pare with the terminal weights. Purchasers when trading at terminal 
markets have similar advantages with respect to weights; also, since 
large quantities of grain usually are held in the elevators at terminals, 
in most instances dealers are able to make shipments in accordance 
with the buyer’s wishes. 


DIRECT TRANSACTIONS WITH CONSUMERS. 


Numerous mills which are located at terminal markets make their 
purchases under conditions similar to those affecting other buyers in 
these markets. When mills are located at secondary points, the 
shippers soon learn the nature of the weights to be expected from 
them. The chief objection to the practice of selling to the mills les 
in their limited demand. The shipper, before he learns that his 
grain can not be used,-frequently loses the opportunity to make a 
sale elsewhere. Direct transactions between country shippers and 
retailers or large consumers usually are confined to those located 
within a radius of a few hundred miles, such trade being considered 
highly profitable by those engaged in it, as the shipper and dealer 
divide between them the profit which otherwise would be made by 
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the middlémen. Objections to this method of trading are that the 
- small shipper, of necessity, has but a limited amount of grain for 
sale, and the retailer or consumer is in the market only at infrequent 
intervals. Often, when the latter wishes to buy, the shipper may 
have nothing to sell, or vice versa. Then, too, the search for cus- 
tomers frequently entails far greater expense than the amount of 
profit paid to a middleman for this service. 


COUNTRY TRACK BUYERS. 


Country track buyers usually are located at central points in a 
shipping territory, where communication by telephone is established 
easily with numerous shippers. The track buyers purchase grain on 
track, selling it to terminal markets, millers, jobbers, retailers, or 
others wherever opportunity presents itself for profitable trading. 
The advantage of this method les in the proximity of the buyer to 
the shipper, a condition materially hastening settlement of accounts 
and adjustment of disputes. Disadvantages incident to the employ- 
ment of the country track buyer are (a) frequent inability to obtain 
official weights and inspection, a condition giving rise to occasional 
disputes, and (0) lack of storage facilities. 


JOBBERS AND OTHER MIDDLEMEN. 


The jobbers distribute grain to the retailers and consumers in car- 
load lots from central points in consuming territory, usually with- 
out rehandling, although some have warehouses or elevators into 
_ which carload shipments from producing centers or from terminal 
markets are unloaded and reshipped in mixed cars. The advantages 
and disadvantages of the use of the jobber are similar to those cited 
in connection with the track buyer, with the exception that the latter 
is in close touch with the shipper, while the former is contiguous to 
the consumer. Instances where it is practicable and desirable to 
utilize the services of one or more of these agencies are numerous, 
but in some cases their use is needlessly multiplied, thus increasing 
to some extent the cost of handling the grain. Cases are occasionally 
found where the same car of grain has passed through the hands of 
several track buyers, terminal market dealers or jobbers, and others 
before finally reaching the consumer. 


RELATIVE USE OF METHODS. 


Data obtained in 1915 from a number of elevators in the surplus- 
grain States of the Middle West with regard to the disposition of 
their grain indicate that 17 per cent of the product from these houses 
was sold either to terminal markets, track buyers, retailers, or con- 
sumers in the same State as that in which the house was located; 25 
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per cent to interior terminals outside of their own State; 30 per cent. 


to export terminals; 7 per cent direct to interior buyers, jobbers, re- 
tailers, and consumers in Eastern States; 1 per cent to interior buyers 
in the South; and 20 per cent direct to mills. The small percentage 
shipped to southern points is probably accounted for by the preva- 
lence of the brokerage system in that section of the country and also 
by the fact that southern buyers usually purchase grain in bags, a 
condition impossible for most country elevators to fulfill, owing to 
lack of proper equipment. 


PRICE PAID TO THE PRODUCER. 


There are many factors which the country buyer must consider in 
establishing prices to be paid to the producer. If purchases are to 
be made by grade, prices must be fixed for the popular grade of each 
variety of grain handled. 


BIDS RECEIVED BY COUNTRY ELEVATORS. 


The dealer receives postal-card bids daily from terminal market 
dealers, track buyers, and others offering prices for stipulated grades 
of grain. Telegraph, telephone, and mail bids also are received 
from these sources at frequent intervals, together with offers from 
jobbers, brokers, retailers, and consumers. These bids, covering lots 
of definite size or grade, are so limited in character that they can 
not be sent out as generally as postal-card quotations. Quotations 
from the various markets are printed in the newspapers and daily 
market bulletins are published in the large terminal markets. Many 
dealers also subscribe to a service furnished by the telegraph com- 
panies, whereby they receive the quotations from one or more of the 
large terminal markets at frequent intervals during the day. This 
is commonly known as the “C N D” service. News-letters are 
issued by various commission houses, which contain information 
regarding the prices at which grain of various grades is selling in 
the markets, both for immediate and for future delivery, and fre- 
quently carry conjectural comments regarding the future trend of 
prices. From the information obtaimed from these sources the 
country buyer must decide what price is obtainable for his grain. 
The seller must know, in each instance, how his grades and weights 
compare with those in the market under consideration, as well as 
the proper amounts to deduct for brokerage, commissions, weighing, 
inspection, etc., and in the case of bids to arrive or cash prices 
paid for consigned grain at terminal markets he must be aware of 
the proper freight charges. The same freight rate does not always 
apply over all routes between the same points; hence in case the offer 
is for shipment via a certain route or for delivery on a specified 
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railroad the shipper must ascertain whether such routing or de- 
livery is possible under the rate quoted. 


PREMIUMS AND DISCOUNTS. 


The establishing and issuing of price quotations from marketing 
centers is a broad subject, embracing some feature$ that often lead 
to misunderstanding between the producer and the country-elevator 
manager and between the manager—especially one with little ex- 
perience—and terminal market dealers. Price quotations, particu- 
larly as they appear in many newspapers, are often misleading and 
confusing. Some farmers note the top price and expect the local 
elevator to bid for their grain upon that basis. Frequently the top 
prices paid in large markets are only for a few cars of extra choice 
quality of grain, or, as sometimes happens, they represent a pre- 
mium for a certain kind of grain of which the supply is limited 
and for which the demand is unusually keen. Thus on July 17, 
1915, during the early movement of new wheat, local elevators 
in a certain country town were offering the farmers $1.10 per 
bushel for wheat. Track buyers, representing a large terminal 
market within shipping distance, were offering the local elevators 
$1.14 per bushel. The newspapers, however, appeared with large 
headlines proclaiming the fact that wheat was selling in this terminal 
market for $1.30. Freight rates: from the country station to this 
terminal market were 4.2 cents per bushel. The farmer patrons of 
the country station concluded that the local elevators were buying 
their wheat at $1.10 and reselling it in the central market at a price of 
$1.30 per bushel, less freight. When the situation was analyzed it 
was found that the price of $1.30 was paid for a single car and 
that it was an unusual sale, the premium being due to the fact that 
several millers desired wheat of that particular variety. Owing to 
the hght movement at this time, however, only one car was available, 
so competitive bidding forced the price to the abnormal level. If at 
that particular time there had been ten or fifteen cars of the same 
quality of wheat on the market, undoubtedly the price would have 
been lower. The country buyers were unable to base their price on 
premium quotations, because, in all probability, by the time their 
grain was marketed receipts would have increased materially and 
the price would have dropped to the normal level for cash grain. 
The $1.14 track bids offered to country dealers had taken this fact 
into consideration, as the bids were made for delivery within two 
weeks. Commission merchants in the central market published the 
high premium sale for the purpose of creating a favorable impression 
of that market among inexperienced country dealers and thereby 
securing larger consignments. 
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Frequently premium prices are paid by exporters who need grain 
to fill out a cargo destined for shipment upon a certain date. Also, 
as noted in the foregoing illustration, early in the crop year, the first 
cars of new grain to arrive in the markets are frequently sold at a 


large premium over prices offered for similar grain to arrive several 


weeks later. These premium prices are often published without ex- 
planation as “cash prices.” Dealers forward representative samples 
of their grain to commission houses or other central market dealers 
early in the season and are advised that “if your grain were here to- 
day ” it would be worth a certain price. If the country dealer bases 
his purchasing price on such information he is quite likely to discover 
that these early premiums have disappeared by the time his grain 
arrives, with resultant financial loss to him. 

Sometimes a knowledge of discounts is as important as a knowl- 
edge of premiums. Asa general rule, premiums are paid for grain 
of superior quality, while discounts are made for grain of “ off” 
grade or inferior quality. When a large amount of high-grade 
grain is on the market usually little, if any, premium is received. 
Likewise if but little low-grade grain is on the market it may be dis- 
posed of at a slight discount under prevailing prices for good grain. 
If, however, a large amount of grain is of poor quality the dis- 
count is much more severe. Thus grain that under favorable cir- 
cumstances would sell for 2 or 3 cents discount under the standard 
grade may be sold at a discount of from 10 to 15 cents when a large 
amount of grain of the same quality is on the market. 


UNRELIABILITY OF PUBLISHED PRICE QUOTATIONS. 


Local market news, particularly in cities where there is no gen- 
eral market, is sometimes inaccurate. In one instance, in a city of 
65,000 inhabitants, under the general head “ Grain, hay, and straw 
(wholesale) ,” a paper published a mill’s price to farmers for wheat 
and a jobber’s quotations to retailers and large consumers for corn, 
oats, hay, and mill feed. These latter prices were far from accurate, 
as the following parallel will indicate: 


Aspub- | As actually 


Commodity. lished. quoted. 
(Ofc ace eee eR... Se ode bushel. - $0. 80 $0. 55 
Oats rk Oe MDE SECA EL. UACRS | EO et dokere 3 .46 
Nove timothiyshayae-4- 22 28-2 t 5: - 5 eee tons. = - 10. 00 13. 00 
No. 2itimothy hay. eae]. =)... Se do-- =: 10. 00 12. 00 
Clover’ mixed hay 7" te 2. Sn. ert dot-cz 10. 00 11. 00 
Alfalfa than -ssshs geet! eee eee asd 3.) 4. Jee et Onsen 10. 00 15. 00 
Wiheat bran. tecessseuiinGe loos ote ho ees CSS 24. 00 22.00 
Standard middlimes..-..-2-/2.-2-- 2 See) dozkee 28. 00 25. 00 
White middlings.........-.---.. see eee donee 28. 00 29. 00 
Mixed feed eet yes ies ok Se neice See Conese 30. 00 27.00 
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When pressed for an explanation of these descrepancies, the market 
reporter of this paper stated that the wholesaler in question, when 
asked from time to time, had informed him over the telephone that 
no changes had occurred. In rebuttal, the wholesaler stated that the 
paper seldom inquired for price fluctuations and, when notified, 
failed to insert proper corrections. It is difficult to determine the 
precise responsibility in instances of this nature, but it undoubtedly 
is true that the publication of incorrect quotations is a source of 
annoyance both to the dealer and to the farmer. Dealers in large 
cities and in country towns should insist that newspapers publish 
correct quotations, with a specific heading stating the conditions 
under which they are compiled and the date of compilation. 


FACTORS INFLUENCING PURCHASE PRICE. 


After considering the information obtained from all sources, the 
buyer may decide to sell his grain for future delivery, although, as 
previously stated, this practice is not to be commended. Such sales, 
however, usually have no effect on the price paid to the producer for 
immediate delivery, for when the dealer is ready to buy grain to fill 
future contracts, competition usually compels him—when the price is 
higher—to pay its true worth at that time regardless of the price at 
which it was originally sold. If the market has declined, the dealer 
feels that the risk assumed entitles him to any additional profit he 
may obtain. 

When all grain offered is purchased at a flat rate, that is, when 
one price is paid for all grain of one variety available, the average 
erade of the grain received must be determined, and this grade is 
taken into consideration when computing the selling price. 

After the dealer has ascertained to his own satisfaction the price 
he will be able to obtain for the grain, a sufficient amount must be 
deducted to cover the cost of operation of his plant, together with a 
fair margin of profit. There are also many other aspects that the 
dealer must consider in establishing prices. For example, the price 
paid by his competitors must be taken into account, and he must be 
aware at all times of the amount of storage space at his disposal and 
the ability of the railroads to furnish cars when desired. 

If, for any reason, the railroads are unable to provide cars as 
rapidly as needed, the shipper is confronted with the possibility 
of unfavorable market fluctuations. If shipment can not be effected, 
the resulting losses must be borne. However, it is usually possible 
either to sell futures as a hedge against such grain until the time 
when it can be moved, or to make a cash sale for shipment at a date 
far enough in advance to enable the dealer to obtain cars. Account 
must be taken of the condition and quality of the grain, proper con- 
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sideration being given to the possibility of its deterioration when 
shipped to distant points. The elevator operator must remember also 
that at some seasons of the year several days or even weeks may elapse 
before enough grain of any particular grade will be received to make 
a carload and an opinion must be formed of the prospective changes 
in the market during the interval. Many farmers dislike to bother 
with fractional prices. As terminal prices are quoted in eighths of a 
cent, and as freight rates are seldom figured in even cents per bushel, 
the country dealer frequently must decide whether or not he will add 
the fraction to his profit. 

Many farmers and country dealers are influenced to too great an 
extent by local conditions when attempting to interpret market quo- 
tations and anticipate the probable trend of prices. In order to 
analyze the market and to forecast its bent, it is necessary to take 
country-wide and even world-wide conditions into consideration. 
The failure of a wheat crop in one or two counties of a State would 
hardly influence wheat prices generally to any appreciable extent, 
but a resident of such a community often fails to consider the relative 
importance of a local crop to the country’s total production. 

While all of the factors here enumerated enter into the establish- 
ment of the price by the country-elevator operator, in actual practice 
he usually bases his quotation on one or two of the most important 
elements, either the bids of a certain dealer or the fluctuations in the 
cash or future market at a certain terminal with which he is familiar. 
For example, a dealer finds that during a certain season the to arrive 
bid of a near-by terminal is the best market obtainable for his grain. 
Upon receipt of this bid freight charges are deducted, together with 
an amount deemed sufficient to cover the cost of plant operation and 
profit. 

While most dealers employ this method of price making, good 
buyers are always observing, consciously or otherwise, all of the 
various influences here discussed. When an opportunity to “spring 
the price” presents itself, either by taking advantage of a better 
price from a consumer, retailer, or some other market, or by proper 
use of storage, the farmer usually receives the benefit of it, for the 
dealer is always eager to be in a position to pay better prices than 
his competitors and thereby handle the major portion of the grain 
produced in his vicinity. 

After a dealer has determined the prices for the standard grades, 
the prices for grain of other grades offered must be given atten- 
tion and the necessary amount to deduct from, or add to, the 
price of standard grades must be ascertained. “Cuts” on “off” 
grades vary widely and require deep study, and a dealer may suffer 
heavy losses if a considerable amount of off-grade grain is produced 
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in his neighborhood. In the hard winter wheat area these cuts usu- 
ally conform to what is commonly known as the “export scale.” 
This scale is used in adjusting the price of off-grade wheat in New 
Orleans, Galveston, Kansas City, and other large markets in the 
Southwest. Usually it is changed each year to meet the condition 
of the crop but always fixes certain stipulated deductions for each 
pound that the test weight of the wheat is under the standard and for 
certain other variations. 

In many parts of the country dealers utilize blackboards for post- 
ing the prices paid for various grades of grain. This seems to be a 
wise practice, as the farmer is reasonably certain he is securing the 


Fic. 3.—Scoop shovelers bidding for a wagonload of wheat. 


top price the dealer is paying and the latter avoids the unpleasantness 
and loss of trade through farmers receiving, or believing that they 
receive, a lower price for their grain than do their neighbors. 


TRANSIENT AND PERMANENT “SCOOP SHOVELERS.” 


In addition to line, independent, and farmers’ elevators, there is 
another group of country grain purchasers known as “scoop shov- 
elers,” so called from the fact that they are not provided with the 
usual equipment for handling grain, but shovel it directly from the 
farmers’ wagons into the cars. These buyers may be subdivided into 
two classes, transient and permanent. Of transient scoop shovelers 
there are two kinds: The first consists of retail dealers, liverymen, 
and others from consuming sections, who visit producing territory 
occasionally to buy a car or two of grain for their own use; and, 


Cal 


22 BULLETIN 558, U. S. DEPARTMENT OF AGRICULTURE. 


second, those who locate at large shipping points during the rush 
movement immediately after harvest and handle as much grain as 
possible while the movement is on, seeking other points when 
normal conditions are restored. An especially large number of this 
class of buyers frequent Texas and southern Oklahoma. A large 
percentage of the itinerant grain purchasers in this territory are 
cotton buyers who are accustomed to curb bidding. Little cotton is 
moved during the season of wheat harvesting in July and August, 
so many of the cotton buyers take a “flyer” in grain. Figure 3 
shows four of these buyers bidding for a wagonload of wheat on 
the public square of a Texas town. When this picture was taken, 
at the height of the movement, nine scoop shovelers and one elevator 
company were engaged in buying wheat at this station. 

The permanent scoop shovelers usually are farmers, merchants, 
or liverymen living in the community who seek this method of 
increasing their respective incomes. : 


METHODS OF BUSINESS. 


Owing to the small amount of money invested, the cost of oper- 
ating a scoop-shovel business is less than that of the regular dealer, 
who must maintain an expensive plant; but, as the scoop shoveler 
rarely possesses a thorough understanding of grain-marketing 
methods, it is seldom that his scope of influence is widely extended. 
He soon learns that unless a large volume of grain is handled profits 
necessarily must be meager. On the other hand, the transient buyers 
not only give regular dealers considerable trouble through loss of 
business but often cause an appreciable loss to the farmers. In many 
instances, having little capital (consequently little to lose), they 
offer prices in excess of market justifications with the hope that 
before shipments reach a terminal market prices will have advanced 
sufliciently to afford them a profit. When the market “ breaks” 
against them some one else must. bear the loss. 

This undesirable state of affairs is created in several different ways. 
Sometimes an arrangement is effected with a local bank or a promi- 
nent merchant to assist in financing shipments by depositing with 
them whatever capital the buyer may possess. The scoop-shoveler’s 
checks are then honored, the bank or merchant later receiving drafts, 
with bills of lading attached, when shipments are made, the presump- 
tion being that the buyer’s small deposit will be sufficient to liquidate 
any possible losses brought about by market fluctuations. Often, 
however, the banker discovers this amount to be insufficient, on ac- 
count of unusual market depression or unsatisfactory quality of the 
grain, or if for some other reason payment of the draft is refused 
at destination. At other times the buyer arranges with the farmer to 
pay for his grain upon receipt of the return remittance, but whenrthe 
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farmer attempts collection the buyer has disappeared. Often the 
scoop shoveler may contract to purchase a farmer’s grain at a certain 
figure. If the market declines before delivery is made, the farmer 
either finds the buyer has gone or that it is impossible for him to take 
the grain and pay forit. Oneinstance was noted where a scoop shoveler, 
in contracting for grain from farmers for future delivery, proffered 
a written contract, which at first glance appeared binding, but further 
scrutiny disclosed in fine type in one corner these words: “This 
contract shall not be dated or closed until the above price or better 
can be paid.” ‘This statement meant that unless the price of grain ad- 
vanced to a profitable point for the buyer before the grain was de- 
livered the contract was worthless. 

There are many honest scoop shovelers, including not only con- 
sumers or small dealers who come into producing territory occasion- 
ally, but also men of limited means who obtain their start in the grain 
business in this manner. The manager of one ofthe largest milling 
companies in the West at the present time made his entry into the 
grain business with a scoop shovel. For his own protection, how- 
ever, the farmer should investigate carefully the responsibility of 
itinerant purchasing agents before selling his grain to them. 

While the activities of the scoop shoveler occasionally causes 
marked losses both to regular dealers and to farmers, as well as to 
country bankers and merchants, at times his restraining influence 
upon the country dealer can not be denied. In fact, the manager of 
a line company operating a large number of country houses recently 


intimated there was little danger of his company ever seeking ex- 


cessive margins, for whenever this was attempted scoop shovelers 
would immediately begin buying grain at each of the stations. 


CONTRACTING WITH FARMERS FOR FUTURE DELIVERY. 


Tt is the common practice of certain elevator managers to bargain 
with farmers for the future delivery of grain. In the ordinary 
course of events such bargains are entered into during the harvesting 
season, but at times an arrangement providing for the future delivery 
of grain is agreed upon several months before the grain is actually 
harvested. In one community it is said that two-thirds of the oat 
crop is disposed of in this manner soon after the seed is sown. 


KINDS OF CONTRACTS. 


There are two forms of contract in common use. The simplest 
and most common-agreement is one in which the farmer agrees to 
deliver, on or before a certain date, for a stipulated price, the surplus 


» grain produced upon his farm. This form of contract is sometimes 
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modified so that the understanding refers only to the grain produced 
on a certain number of acres, which is known as “ centracting by the 
acre.” In another form of agreement the seller undertakes to deliver 
to the purchaser a definite number of bushels, a proceeding commonly 
alluded to as “ contracting by the bushel.” As a rule, contracts for 
future delivery are mere verbal agreements, although written forms 
are not unusual. Rarely are any margins deposited by either party 
to insure actual fulfillment of the contract. 


HAZARDS OF CONTRACTING FOR FUTURE DELIVERY. 


The country grain dealers, as well as the farmers, are seldom in 
accord regarding the advisability of contracting for future delivery 
of grain. Many dealers condemn the practice because of the liability 
of misunderstanding between the dealer and the farmer. From the 
buyers’ standpoint, most unpleasant experiences have resulted from 
contracting by the acre. It is alleged that some farmers seek to de- 
liver more than the stipulated amount of grain in event of a drop in 
price, but withhold it, on the other hand, upon a rising market. 
Then, too, the farmers contend that a material drop in price evokes a 
disinclination upon the part of the dealers to accept the grain, or finds 
expression in an attempted discount from the contract price by-claim- 
ing that the grain delivered does not meet the standard stipulated in 
the agreement. It would seem that some form of business practice 
could be devised that would reduce to a minimum the number of such 
cases. 

Many difficulties are encountered in attempting to fulfill the terms 
of a contract, particularly when an interval has elapsed between the 
date of the contract and the time of delivery. Often a delayed 
harvest, accompanied by a prolonged rainy season, renders delivery 
at contract time an impossibility. When this condition exists it 
results in much confusion, for the country dealer in many instances 
has resold the grain by contract, the last purchaser disposing of it 
perhaps to an exporter desiring to fill a cargo. The failure, for what- 
ever reason, on the part of the farmer to deliver the grain to the 
country elevator at the specified time interferes seriously with the 
proper fulfillment of the country grain dealer’s previously incurred 
obligation with other grain merchants. Also, if delivery is not 
effected upon schedule time the buyer who is dependent upon grain 
bought for future delivery for the filling of his requirements must 
purchase the shortage in the open market, often at a marked advance 
in price. In this case, however, relief is afforded from financial loss 
by the infliction of a penalty upon the contracting party at fault. 
The latter, having purchased the grain for future delivery from a 
country dealer who has been unable to supply it when desired, there- 
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upon levies a similar penalty upon the elevator. The country dealer 
-experiences more difficulty in shifting his loss upon the farmer, who 
usually is unwilling to submit to a discount for low-grade grain, or 
for inability to fulfill a contract. The aggrieved dealer is loath to 
invoke the aid of civil authorities, fearing the effect of such action 
upon future business. Of course, the farmer has no recourse, but he 
should take this matter into consideration when entering into an 
agreement for future delivery of his grain. 


ADVANTAGES OF CONTRACTING FOR FUTURE DELIVERY. 


The practice of purchasing grain from' farmers for future delivery 
has certain desirable features both for dealer and for producer. The 
advantages for the dealer are (a) greater certainty of supply and (0) 
opportunity to sell for future delivery, which enables him to take ad- 
vantage of any favorable price movement. The farmer, likewise, is 
at liberty to dispose of his product at any time which, in his judg- 
ment, is most propitious to his interests. Nevertheless it would seem 
that it would be to the advantage of both farmer and dealer if all 
future-delivery contracts were made in writing, each detail, such as 
the number of bushels involved, quality of grain, date of delivery, and 
possible premiums and discounts, clearly and concisely set forth, 
thereby avoiding the possibility of misunderstanding at any stage 
of the transaction. It has been suggested also that the welfare of all 
concerned might be promoted still further if a reasonable margin 
were posted to insure the good faith of the contracting parties. 
Inasmuch as this system is followed by members of boards of trade 
and exchanges in the making of future contracts, it would appear to 
be a desirable practice and a safeguarding of mutual interests. 


STORING GRAIN FOR FARMERS.. 


Frequently the farmer does not market his surplus grain at the 
time of harvest. Sometimes he may hold it for a more favorable 
market, while at other times it may not be convenient to deliver it to 
the local elevator at harvest time, because of the rush of other im- 
portant farm work. 

After small grains have been harvested and after corn has been 
husked they may be stored on the farm or at the country elevator, 
or shipped to the central market and there stored in one of the public 
elevators. Many farms are not provided with suitable granaries, and 
unless the farmer desires to sell at harvest time he must store his 
grain either at the local elevator or at the terminal market. Very 
little grain is shipped from the farms to the central markets for 
storage. 


we 
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STORAGE CHARGES. 


Many country elevators provide storage for a limited amount of 


grain, while other elevator managers do not enter into this phase of — 


the business, preferring to purchase the grain outright at the time 
of delivery. Many States have regulatory laws regarding the re- 
ceiving, handling, and storage of grain. In almost all cases the law 
fixes the maximum charges that may be exacted. Usually the sched- 
ule of storage is based on 15-day periods. The schedules of rates may 
vary from 1 to 2 cents fer the first 15 days or parts thereof and from 
one-quarter to one-half cent for each additional 15 days or part 
thereof: The variation in the rate prescribed by law in the various 
States is so great that no exact figures covering the grain-producing 
area can well be given. Sometimes a maximum charge is defined 
for continuous storage for a somewhat longer period of time. Thus, 
one State permits a maximum charge of 4 cents per bushel from the 
15th day of November to the 15th day of the following May. Some- 
times managers provide free storage for their patrons as long as 
storage room is available. 
x 


HAZARDS OF ELEVATOR STORAGE. 


The matter of storing grain in country elevators for farmers is a 
subject that has received considerable attention from the grain trade, 
as well as from the farmers themselves. Several hazards are con- 
nected with the storing of grain at local elevators, both for the ele- 
vator manager and for the farmer, especially in the absence of laws 
regulating the business. From the standpoint of the elevator man- 
ager the principal objection to the practice is to be found in its 
interference with the daily buying and shipping business, since when 
the elevator is full of stored grain its use in receiving and loading 
out daily receipts is greatly impaired. Frequently managers with 
their houses filled with stored grain are forced to turn daily deliveries 
over to a competitor. 

The practice of free storage usually has developed from severe 
competition between houses. One manager may attempt to extend 
his patronage by offering free storage. His competitor often is 
obliged to offer the same inducement to hold his trade. 

The practice of free storage adds several items to the cost of oper- 
ating the house. In the first place, the grain must be insured against 
loss by fire, which is an item of considerable expense. Also the 
manager of the house in almost all cases must bear the burden occa- 
sioned by shrinkage of the grain while in store. If a farmer de- 
livers 1,000 bushels to the elevator for storage he expects to have 
1,000 bushels returned to him, or to receive payment for that amount 
when sold. 
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The burden of insurance and the loss by shrinkage sometimes lead 
a manager to ship out the grain received for storage soon after de- 
livery, selling it to the central market. In order to protect himself 
‘against price fluctuations he goes into the future market and pur- 
chases a hedge for a hke amount. When the farmer informs him 
that he is ready to sell the grain, which the farmer supposes is in 
storage, the elevator manager closes out his hedge, pays the farmer 
the market price for the grain, and bears the cost of the hedging sale 
himself. By shipping out the stored grain, however, the manager 
not only has relieved himself of the expense of insurance and the 
loss by shrinkage, but he has also been enabled to use or to loan the 
farmer’s money, thus profiting by the interest earnings. 

Shipping out the grain delivered for storage is practiced also when 
a storage charge is made. In this case the elevator derives a profit 
from the storage charge in addition to the interest on the money 
received from the grain. 

The hazard of storing grain in the country elevator, from the 
standpoint of the farmer, depends upon the degree of integrity and 
the financial standing of the elevator manager. Occasionally the 
grain dealer announces a business failure with limited resources and 
the farmers whose grain is supposed to be in store are the chief credi- 
tors. While such cases are not general, they have sometimes been so 
frequent as to result in the enactment of a State law placing the 
storage business under State supervision and requiring the elevator 
owner to give bond for the protection of his patrons. 

The United States warehouse act, recently enacted, authorizes the 
Secretary of Agriculture to license warehouses for the storage of 
erain, flaxseed, cotton, tobacco, and wool for interstate or foreign 
commerce. This act is permissive only and no warehouse is re- 
quired to be licensed. The act also authorizes the Secretary to in- 
spect warehouses which are licensed under this law or which apply 
for license. 


FARM STORAGE. 


From the standpoint of the producer the logical place to store 
grain is on the farm. Several facts, however, must be considered 
in determining whether such a procedure is profitable. In the first 
place, it 1s necessary to provide suitable granaries and cribs, which 
will require an original outlay of capital upon which interest and de- 
preciation must be considered. It is necessary also to consider 
natural shrinkage. The amount of shrinkage that may be expected 
will depend of course upon the nature of the storage, the condition, 
and maturity of the grain at the time of harvest, and also the length 
of time it is held in store. As a general rule the small grains may 
be expected to shrink from 1 to 3 per cent in weight, while the 
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shrinkage of corn will vary from 8 to 20 per cent, depending upon 
the moisture content at the time of harvest. With corn the greatest 
shrinkage occurs in the months of April and May. The loss by ro- 
dents and insects also must be considered, which in some cases, par- 
ticularly with corn, frequently is relatively high. While the fire 
hazard is not great in farm storage houses, it is advisable to protect 
stored grain by insurance, particularly if the storage bins are con- 
nected with, or adjacent to, other farm buildings. Other items that 
must be considered are convenience of marketing, condition of roads 
at time of delivery, cost of labor, interest on the money value of the 
grain held in storage, the price at harvest time, and the probable 
price at some future date. It is necessary also to consider the loss 
that may be incurred by grain going out of condition while in store. 
Small grains when damp are likely to become musty or bin-burned. 
When small grains with high moisture content are put in store it is 
necessary to “handle” them—that is, the grain must be turned fre- 
quently to prevent heating and decomposition. In the elevators this 
is accomplished by transferring the grain from one bin to another or 
by drying. Corn, when immature and having a high moisture con- 
tent, can not be stored safely even in the ear unless the crib is pro- 
vided with ample ventilation and even then the chances of loss may 
be great. Most terminal elevators and some country houses are 
equipped with driers, which reduce the moisture content to a point at 
which the grain may be stored safely. 


ESTIMATING PROBABLE FUTURE PRICES. 


It is impossible, of course, to anticipate, with any degree of ac- 
curacy, the probable market value of grain at some future date, since 
market values fluctuate in response to conditions over which no one 
has control. Moreover, the influences are world-wide in their scope, 
and the results frequently can not be anticipated. The only guide 
that may be considered is the average values of the several grains dur- 
ing each month of the year for a period extending over several years. 
As a general rule, prices are lower at harvest time and gradually in- 
crease to the period of lighter receipts at central markets and until 
the probable yield of the forthcoming crop can be estimated with some 
degree of accuracy. Fora 10-year period the price of corn has shown 
an average increase of 10 cents per bushel from the lowest point 
(January) to the highest point (August).* During the same period 
the average price of wheat has advanced about 12 cents per bushel 
from the lowest price (in August) to the highest point (in May), 
while oats show an average increase of 5 cents per bushel from the 


1 Burleson, W. L., and Allyn, O. M., Prices and shrinkage of farm grains, University 
of Illinois, Agricultural Experiment Station Bul. No. 1838, 1915. 
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lowest (August) to the highest point (May). In the past the nat- 
ural shrinkage in corn has been so great as to show httle profit from 
storage, while oats and wheat, if a long-time average is taken into 
consideration, have been stored at a profit. 

It should be remembered, however, that relatively low prices at 
harvest time are due to the fact that a large amount of grain is 
placed on the market at this time, thereby establishing an over- 
supply for immediate needs, overtaxing local elevators and trans- 
portation facilities, and congesting the central markets. If farmers 
generally withheld their surplus grain from the market at this time, 
it is quite likely that values would not decline to a point as low as 
is reached under present methods. Also if farmers generally held 
their grain until the month at which values are the greatest under 
present conditions, it is quite likely that prices would not reach as 
high a level. Probably ideal conditions would maintain and uni- 
form prices would prevail if the grain were stored on the farm and 
placed on the market as it is needed for consumption. Under this 
ideal condition the lowest price would prevail at harvest time, with 
progressive increase in values until the next crop became available. 
Theoretically the increase in values would be in proportion to the 
cost of storage, or the “carrying charge.” The obvious objection to ~ 
this practice is that farmers would not release the grain as needed, 
but would withhold it from the market merely to cause a scarcity 
and thus force up the price. 

One of the principal reasons why grain is now marketed in such 
large quantities at harvest is because of the necessity of obtaining 
cash to pay off previously incurred obligations and for operating 
expenses. It is likely that farm storage of grain will not be practiced 
generally until some system of credit, based on farm-stored grain, 
has been inaugurated. The matter of interest on borrowed money, 
based on stored grains, will not become an added item of expense 
because this item must be considered, whether available in cash or in 
the form of stored grain. 


HANDLING GRAIN FOR FARMERS. 


Occasionally elevator managers ship grain to the central market 
for the account of the producer. This procedure is not general, but 
its practice is increasing, particularly in the West Central States. 
The reason for the practice usually is to be found in the belief on 
the part of the farmer that the local buyer is exacting too much 
margin. The producer arrives at this conclusion from a study of 
price quotations from the central markets and a comparison with 
the prices offered by the local elevator. Sometimes the farmer is 
justified in objecting to the price offered by the country elevator. 
Frequently, however, this conclusion is reached because of a lack of 
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careful consideration of the factors causing the spread in price and 
because of unreliable newspaper reports. Frequently all of the facts 
regarding the market conditions are not available or are not correctly 
interpreted. 

Many elevator managers raise the original price offered the farmer 
if he objects to it, often at their own financial loss. Other managers 
refuse to increase their bids, but offer to ship the grain on the 
farmer’s account, usually making a charge of 2 cents per bushel for — 
handling the grain through the elevator. The charge for handling 
through the elevator may or may not reimburse the elevator manager 
for the cost of the service. Sometimes the service is rendered free 
of charge. When the returns for the grain are received from the 
central market the entire amount, less the handling charge of 2 cents 
per bushel, is turned over to the farmer. Sometimes such transac- 
tions result in profit to the farmer, but quite as often they are disap- 
pointing. 

The farmer who does not have a carload of grain to market at one 
time can not take advantage of this practice, because the freight and 
central market charges on less-than-carload lots would be prohibitive. 


ADVANTAGE OF GROWING UNIFORM VARIETIES. 


Grain is handled most economically through the country elevator 
when uniform varieties are produced in large amounts by the con- 
tributing territory. When this condition exists, the elevator manager 
is able to handle the grain on narrow margins which eventually 
result in a higher price level to the producer. In many sections of 
the country, however, several varieties and colors of the same kind 
of grain are produced and marketed at the country elevator. This is 
especially true in the wheat-growing region of Oklahoma and in 
States where white, yellow, and mixed corn and various colors of 
oats are produced. 

When an elevator must handle two or three varieties of the same 
grain, more bins and capital are required than when uniformity pre- 
vails. Moreover, when different colors of the same sort of grain or, 
as in some sections, when barley, rye, kafir, and other grains are 
raised in limited quantities and are received at the elevator in small 
lots, it is necessary to hold the various grades until a carload is ac- 
cumulated. Not only is supplementary bin space essential, but more 
capital is required to finance the business, because the elevator man- 
ager is forced to expend cash for grain upon its arrival and he is 
unable to dispose of it immediately and thus regain his capital for 
future use. Neither is he able to protect himself against price flue- 
tuations by hedging, since the quantity of grain in store is not suf- 
ficient to form the basis for future contracts. The result is that the 
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elevator manager guards against price fluctuations and obtains an 
equitable rate of interest on the capital involved by purchasing the 
grain on a relatively wide margin, which means a correspondingly 
low price to the producer. 

It would seem, therefore, that producers should seek to exert some 
cooperative effort to standardize the varieties, types, and color of 
grain produced in a community. Such an endeavor, if consummated, 
undoubtedly would yield satisfactory financial returns for the effort 
involved. It is quite likely that the standardization of the grain 
preduced in a community would result in a reputation for uniform 
quality, which at times commands a premium over general market 
prices. 


FARM AND ELEVATOR SCALES. 


One of the causes of considerable misunderstanding between the 
elevator manager and the farmer is the use of unreliable scales. Ele- 
vator scales should be kept in good repair and tested frequently or 
checked up by comparison with standard weights. In some States 
the testing is done by an inspector employed by the State or the 
railroads, while in other places the work is performed by a man in 
the employ of the State Grain Dealers’ Association. In both cases 
the inspector is subject to call by dealers, who are assessed a standard 
fee for services rendered. Some grain dealers, however, do not take 
advantage of the opportunity to ascertain the reliability of their 
scales. 

IMPORTANCE OF ACCURATE ELEVATOR WEIGHTS. 


Many dealers assume that their scales are correct, although they 
may not have been examined for several years. The scales should be 
located properly and when doubt exists regarding the accuracy of 
an elevator’s weights, the scales should be tested every six months or 
at least once a year, before the heavy crop-moving season. Farmers 
may well inquire when and by whom the scales were last examined. 
If more interest were manifested in scale inspection and accurate 
weights generally, there is little doubt that elevator managers would 
give the subject more consideration. 


LOSSES DUE TO INACCURATE SCALES. 


The efficient manager, however, is always anxious to keep his 
scales in good repair and capable of giving accurate weights, be- 
cause a business can not be conducted economically unless he can 
ascertain the exact amount of grain received and shipped out. 
Losses from inaccurate scales may fall upon the elevator as well 
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as the farmer, but it is alleged that some elevator operators employ 
the short-weight method of overcoming shrinkage losses. This is 
probably true, especially in the case of elevators owned by corpora- 
tions or associations, where the directors do not understand that 
grain can not be handled through the elevator without some shrink- 
age, and the manager fears action on his bond in the event of dis- 
crepancies between in and out weights. Where all scales are accu- 
rate, shrinkage in handling grain may be determined by comparing 
the “in” weights with the “ out” weights. 


AID IN FILING CLAIMS. 


It is imperative that the cut weights be accurate, in order that 
positive knowledge of the exact weight of each car of grain may be 
had. It then becomes comparatively easy to establish a check upon 
the weights received at the central market and, in case of discrep- 
ancy, to afford a substantial basis upon which to file claims for 
losses incurred. The matter of loss in transit, together with the 
variation in weights at the country elevator and the central mar- 
ket, is a subject demanding careful study. At almost all terminal 
markets particular attention is paid to the accuracy of the scales, 
and when variation between shipping and receiving weights occurs 
the central market is prone to believe the out-weighing scales at the 
country point are unreliable. On account of the general reliability 
of terminal-market scales many buyers prefer to make purchases 
from the terminal market at a slightly additional cost. Some coun- 
try dealers not only have their scales inspected frequently, but also 
supply the purchaser with an affidavit of their reliability. It seems 
likely that some uniform system of scale inspection and affidavit 
weight records will be installed eventually. 


TESTING FARM SCALES. 


The farmer should not neglect the testing of the farm scales, if 
he employs them to confirm elevator weights. Many misunderstand- 
ings and erroneous conclusions regarding business ethics of parties to 
a transaction are based on weights secured from farm or elevator 
scales the accuracy of which has not been verified for a considerable 
period of time. 

Farmers may test the accuracy of their scales by securing ten or 
twenty 50-pound test weights. These are weighed first at the cen- 
ter of the scale platform. Additional tests should then be made to 
check the accuracy of the scale by recording the weight registered 
when the test weights are placed at each corner of the platform. 
To determine the accuracy of the scale still further the weight of a 
loaded wagon may be recorded, after which the test weights should 
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be placed on the platform and the loaded wagon and the test weights 
weighed together in order to determine whether the scale records 
accurately the additional 500 or 1,000 pounds. Pitless scales are 
likely to get out of adjustment unless they are placed on a very sub- 
stantial foundation. ; 


SUPPLY OF ELEVATORS. 


The number of elevators required to handle the surplus grain of 
a community will depend upon the volume of grain offered for sale. 
The requisite number may depend also upon the method of market- 
ing. If the surplus grain of a community is placed on the market in 
large quantities during a short period of time following the harvest, 
more elevators, or elevators of greater capacity, will be required than 
when the surplus grain is delivered more uniformly throughout the 
year. Also the number of elevators will depend to some extent upon 
the ability of the railroad to furnish cars when needed. 


ECONOMIC LOSS FROM OVERBUILDING. 


In some sections of the country there are more elevators than the 
volume of business will justify, some communities being supplied 
with 8 or 10 houses, when 2 or 3 would be adequate. It is unfor- 
tunate that in many places new elevators are still being added to an 
already overcrowded field. The criterion for determining whether 
or not additional facilities are needed should be the number of eleva- 
tors serving a community in proportion to the volume of grain mar- 
keted and not the number of houses at any one shipping point. The 
erection of new houses at small stations between larger shipping 
points necessarily reduces the contributing territory of them all. 

As stated earlier in this bulletin, one of the principal items 
entering into the economy of operating an elevator is the volume of | 
the business transacted. As a general rule, the cost per bushel for 
handling decreases, as the volume increases, within certain limits. 
Therefore, as the number of houses serving a certain locality is 
augmented, the volume of business transacted by each house dimin- 
ishes, while the cost per bushel for handling the surplus grain of the 
community through the local elevator is increased. 

If too many elevators serve 2 community bad practices are likely 
to result. Difficulties arise regarding free storage, weights, dockage, 
or grades, and, speculation ensuing, the financial ruin of unsuccess- 
ful competitors is almost inevitable. If competition is too keen, 
short weights are sometimes introduced, or speculation is resorted 
to in an attempt to regain losses. Cases are cited where grain 
stored for farmers has been shipped out and sold, to be followed by 
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bankruptcy; or a fire has destroyed the house. There is a remark- 
ably close correlation between the number of elevators serving a 
community and the fire ratio. An insurance company reports that 
in one State, noted for its oversupply of elevators, 42 fires occurred 
within a year; while in another equally prominent grain State, in 
which the supply of elevators is better proportioned to the demand, 
but two houses were lost by fire. 


COST OF OPERATING A COUNTRY ELEVATOR. 


Accurate information concerning the cost of operating an elevator 
is not easy to obtain. Many operators do not keep cost accounts; 
some make rough estimates, while some endeavor to keep accurate 
accounts; but in each of several hundred cases investigated by rep- 
resentatives of the Office of Markets and Rural Organization some 
item of the operating cost had been overlooked. 

Figures were obtained from operators who had made an effort to 
ascertain the cost and from those who were willing to state their 
opinion. These estimates of cost of operating varied from one- 
quarter of 1 cent to 5 ‘cents per bushel, the average being 1,38, 
cents for houses handling less than 200,000 bushels in 1914; 1,28, 
cents for houses handling over 200,000 bushels; or a general average 
of 1,83, cents. This variation in cost of handling follows about 
the same ratio in various sections of the country as the margin of 
profit, being largest in the East and South, decreasing as the central 
part of the grain belt is reached, but gradually increasing toward 
the North and West. Most of these concerns when attempting to 
figure the cost of operation consider only actual expenses, including 
office salaries, labor, fuel, power, telephone, telegraph, postage, 
travel, repairs, supples, and insurance. Sometimes depreciation, 
together with interest on the investment in plant and working capi- 
tal, is included, while a very few consider the loss through shrink- 
ege. None were found, however, who attempted to ascertain the 
loss through. overgrading in making purchases. 

From the estimates obtained and from first-hand study it is evident 
that the items of actual expense are practically fixed for each ele- 
vator and vary slightly only as changes in the volume of grain 
handled necessitate the employment of additional low-priced labor 
and slight increases in the other items that are not nearly in propor- 
tion to the increase in the volume of business. Usually these items do 
not admit of any considerable reduction, although it is possible at 
times to reduce the amount of labor hire, as well as the insurance 
on the stock. Substantial reductions may frequently be made in the 
rate of insurance, both on plant and stock, by effecting inexpensive 
changes and providing proper fire-control equipment. If the in- 
surance companies are consulted, advice usually is freely extended 
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with regard to these matters. Bills for fuel, light, and miscellaneous 
supplies, which include tools, oil, and waste, together with repairs, 
may be rendered less burdensome by proper attention. 

Depreciation on the plant and interest on the investment also 
should be considered in figuring the cost of operation. When 
building a new plant it is wise to consider these items with relation to 
different methods of construction. The amount of necessary working 
capital is affected also by the method of doing business. If the grain 
is shipped and drafts drawn as rapidly as a carload of each grade is 
uccumulated, very little capital is necessary; but if large quantities 
are held for any length of time, pending a more favorable market, 
or for any other reason, the amount required is increased greatly. 
For example, figuring interest at 6 per cent, to hold wheat costing 
$1 per bushel for 30 days involves an expense of one-half cent per 

bushel. 


LOSS FROM SHRINKAGE. 


As stated above, few dealers attempt to ascertain the shrinkage 
of grain in handling, although, on the basis of the few figures sub- 
mitted, this item amounts to from four-tenths to six-tenths of a cent 
per bushel. The amount can be reduced considerably by proper pre- 
cautions. It isa matter of common knowledge among elevator opera- 
tors that grain can not be unloaded into an elevator or out, even 
under the most favorable conditions, without some shrinkage. If 
scales are incorrect, if elevator boots and spouting leaks, if the grain 
is improperly cleaned, or is damp when received and dries out subse- 
quently, or if it 1s shipped in poorly-coopered cars that leak while 
in transit, this loss is increased. Scales should be examined from time 
to time, and spouts, elevators, and all other machinery should be in- 
spected frequently. 

When grain is to be cleaned, care should be exercised that the clean- 
ing machinery is performing its proper functions, is equipped with — 
proper screens, and that the blast from fans and aspirators is so regu- 
lated that the grain will be cleaned sufficiently to reach the desired 
erade without removing any grain of value. A number of cases were 
noted during the course of this investigation where, through the use 
of inadequate machinery, the use of too large or too small mesh 
screens, or an improperly directed blast or air from fans or aspi- 
rators, either the grain had not been cleaned sufficiently or a consid- 
erable amount of good grain had been sacrificed in the screenings. 
In the first instance the grade of the grain had not been improved 
and no adequate return would be received for the cost of cleaning, 
while in the second case good grain, unnecessarily removed, was sold 
with the screenings at a relatively low price, thus materially in- 
creasing the cost of cleaning. 
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When the grain is ready to load, care should be taken to have the 
cars in proper condition to carry the shipment to destination without 
leaking. The general condition of the car itself must first be con- 
sidered. If this is satisfactory, all cracks or holes through which 
grain might leak must be stopped with boards, paper, or burlap. 
Careful attention must be given to the manner in which grain doors 
are inserted, that they may not, under the weight of the grain, shift 
their position or bulge at the top or bottom or where sections are 
joined. Detailed consideration has been paid to this subject by rail- 
roads, shippers, and receivers in recent years, with resulting improve- 
ment, but there is opportunity for further progress in this direction, 
Traffic managers at several of the principal grain receiving markets 
of the country state that a large percentage of the cars arriving at 
the present time are leaking and doubtless many others that show no 
evidence of leakage when standing on sidings at destination leak 
under the severe strain of road handling. 


INCORRECT GRADING. 


While nearly all operators of country elevators admitted consider- 
able loss, caused by the difference found to exist between buying and 
selling grades, which, in some instances, was considered m fixing 
their margin of profit, not one has been interviewed who possessed 
definite figures on the loss from this source extending over any con- 
siderable length of time. Occasionally figures were obtained covering 
shipments for a short period which showed the loss to be from one- 
haif to 8 cents per bushel, averaging about 1 cent. One shipper - 
purchased four lots of damaged wheat of the 1915 crop from farmers, 

- three of which tested, respectively, 48 pounds, damp and sprouted; 
514 pounds, damp and sprouted; and 53 pounds, damp and sprouted. 
These three lots were bought at a discount of 10 cents per bushel, 
while the fourth lot (which tested 58 pounds and had been exposed 
to rain on several occasions) was purchased without discount. The 
four lots were mixed and shipped to a terminal market where the 
mixture graded No. 4 and was taken on contract at a discount of 10 
cents per bushel, resulting in a considerable loss to the country 
merchant. 

At the request of the Department of Agriculture 50 samples of 
hard winter wheat were taken at an elevator during a period of two 
and one-half months at the beginning of the 1915 crop movement. 
This elevator bought wheat on a 59-pound test weight basis, with 
the deduction of 1 cent for the first pound under that weight and 
1 cent for each additional one-half pound. A record was maintained 
of the test weight of the 50 loads as taken by the elevator and samples 
were sent to the Office of Markets and Rural Organization. Here the 
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test weight was determined. The amounts thus obtained varied from 
those at the elevator from five-tenths to 4 pounds, only one sample 
showing no variation, with an average loss of 1.23 pounds. Ksti- 
mating the 50 loads at 60 bushels each, the total deduction, using 
the scale shown above, on the basis of the test weights as obtained by 
the elevator, would have been $59.40, while on the test weights ob- 
tained at this office it would have been $121.80—a loss to the elevator 
of $62.40, or 2.08 cents per bushel. 

In addition to the loss from this source the elevator made no men- 
tion of reductions in grade for other reasons than a low test weight, 
although three samples were dark wheat, 14 dark and yellow, 16 
yellow and dark, and 7 yellow. ‘Two samples testing 57 pounds and 
grading No. 3 on that basis would probably have been graded “ sam- 
ple” on account of being musty; one sample testing 57 pounds would 
have graded No. 4 on account of being dirty and containing a large 
amount of cut grain and smut balls. One sample, testing 60 pounds, 
would have graded “sample” for the reason that it was smutty; 
another sample (56 pounds) was an almost pure Turkey wheat and. 
should have commanded a premium. Still another sample was so 
soft that it is probable that it would have been graded red wheat, 
instead of hard, the price of the former being considerably lower at 
that time. It is possible that the elevator sustained no loss on ac- 
count of these defects, as these were only occasional loads whose 
identity was lost by mixing with a large volume of other wheat, and, 
for the same reason, no premium could have been paid on the load 
of Turkey wheat, but it is probable that each load had its effect on 
the entire lot. If the poor wheat had been docked properly a more 
attractive price could have been paid for the better grades. Other 
instances without number could be: cited of overgrading or under- 
erading, but these two are sufficient to indicate the tremendous loss 
both to dealers and producers from this cause. 

There are several reasons for overgrading by the country elevators. 
Undoubtedly some of it is caused by faulty judgment and ignorance, 
but by far the greater part is due to the fear of losing customers. 
Many dealers admitted overgrading, claiming self-protection as the 
reason. ; 


HAZARDS OF THE COUNTRY ELEVATOR BUSINESS. 


The hazards of the country-elevator business include variation in 
crop yields, unfair competition, the use of inadequately constructed 
and equipped buildings, variation in grades, necessity of properly 
interpreting market information, contracting for future delivery, 
storage, car shortages, failure of sellers and buyers to observe con- 
tracts, and financial risks, 


~ 
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VARIATION IN CROP YIELDS. 


In some localities, owing to climatic conditions or to the whims of 
growers, a large variation in the volume of grain marketed is shown 
from year to year. Sometimes a community producing enough grain 
to insure exceptional business one year will yield almost nothing the 
succeeding 12 months. The quality of the crop at harvest sometimes 
1s so inferior that it is impossible for the dealers to market it with a 
certain profit. Some sections market practically their entire crop 
immediately after harvest, the balance of the year being spent in 
unprofitable leisure. In view of all these circumstances, when seek- 
ing a location, a dealer should be certain that there will be a sufficient 
volume of continuous business. He must weigh the possibility of 
keeping the house open part of the time or combining with his busi- 
ness some desirable side line. 


INADEQUATE CONSTRUCTION AND EQUIPMENT OF ELEVATORS. 


Many of the older country elevators and even some new houses are 
inefficient and poorly constructed. The loss through the use of im- 
properly constructed cleaning machinery and inaccurate scales has 
been shown. Another handicap under which many elevators labor 
is the lack of sufficient wagon dumps, elevators, and bins to keep 
separate the various grades, which would expedite the handling of 
the grain. The power equipment should be considered carefully. 
Where it becomes necessary to have steam for drying, it probably 
is desirable to operate a steam plant, but otherwise the cost usually 
can be reduced by the use of an internal-combustion engine. At some 
places electric power can be had at a minimum cost. 


UNCERTAINTY OF GRADES. 


At the present time uniform grades have not been established for 
all grains, and for those that are not the dealer must be acquainted 
with the grades of each market which is accessible to him in order 
to place a certain lot of grain to the best advantage. Sometimes 
the quality of grain deteriorates in transit. It may become sour, 
musty, or heated from being confined in a practically air-tight car, 
it may be delayed in transit, or, after arrival at destination, some 
time may elapse before it reaches the unloading elevator. Possibly 
a month after the shipment of the grain the buyer finds it out of 
condition. Dealers are compelled to suffer the losses arising from 
this source, although when the delay in transit is excessive it is pos- 
sible usually to recover from the railroad. Many of the exchanges 
have deemed it unjust to fix the responsibility for unloading delays 
arbitrarily upon the dealer, and have adopted regulations requiring 
buyers to call for reinspection within 24 to 48 hours after the arrival 
of the grain or to bear any ensuing loss, 
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{INTERPRETING MARKET INFORMATION AND SELLING FOR FUTURE DELIVERY. 


The dealer receives a vast amount of market information from 
many sources, and to market his grain advantageously he must be 
able to interpret these data shrewdly. He must decide whether to 
sell his grain on track, to arrive, or consign it. If he consigns or 
_ holds it in storage and hedges against his holdings by selling an equal 
quantity for future delivery, he must know where to hedge to best 
advantage, and assume the risk of variations between the cash and 
future prices. 

Being constantly in contact with the markets he has ever before 
him the temptation to speculate, either by (1) selling cash grain 
for future delivery before it is purchased, (2) by holding his pur- 
chases without hedging against them, or (3) by dealing directly on 
the future market. It is only natural that a man who is daily 
studying market conditions should sometimes feel assured of his 
ability to forecast the future trend of price fluctuations and to specu- 
late with a certain degree of intelligent judgment, but in most cases 
he discovers ultimately that his knowledge has its limitation. Con- 
ditions arise of whose possibility he was entirely unaware, or has 
failed to consider, which change the entire trend of prices. When 
cash grain has been sold he must depend on the farmer’s delivery 
to fill the sale. If the market is rising, farmers naturally withhold 
their grain in the hope of obtaining better prices. The condition 
of the roads; stress of farm work, and other circumstances, may 
militate against deliveries. Should the speculator hold his grain 
at the elevator some difficulty may be encountered in disposing of 
it when desired, as mills and other users of cash grain are not in- 
clined to buy freely on a rising market; while if the grain is 
consigned to a general market there may be a serious decline before 
its arrival. 

RISKS IN STORING GRAIN. 


The risks incident to storing grain for farmers, contracting with 
them for future delivery, and advancing money on grain purchased 
or in store have already been discussed. The dealer must also 
assume the risk of a car shortage rendering it impossible to ship 
grain at the desired moment, and possibly compelling him to cease 
buying because his elevator is filled to capacity. Possibility of 
deterioration of the grain in storage while awaiting the arrival of 
cars must be borne in mind. In case the dealer sells grain for future 
shipments he incurs the risk of buyers failing to fulfill the terms 
of their contracts. When the market has declined buyers are some- 
times financially unable to take the grain, while others seek oppor- 
tunity to avoid fulfilling their part of the contract by taking advan- 
tage of some technical point in its wording. 
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FINANCING THE BUSINESS. 


Few operators of country elevators have sufficient capital of their 
cwn to operate their business and must depend to a considerable 
extent on outside assistance, which is obtained from several sources, 
such as local banking institutions, farmers, and commission mer- 
chants. In some instances the larger concerns in the Western States 
obtain the necessary funds from eastern banks or through “ paper 
brokers,” in this way reducing the interest rate from 8 or 10 to 5 or 
6 per.cent. The smaller dealers can not avail themselves of this 
practice, but in the eastern and southern portion of the grain belt 
there seems to be little difficulty in securing necessary funds from 
local bankers, although in some parts of the Southwest the rate of 
interest ranges from 8 to 12 per cent. 

Sometimes local banks are unwilling to furnish the necessary 
funds, either because they lack sufficient capital or because of the 
uncertainty of the moral hazard. In these cases the country dealer 
is usually able to obtain the necessary accommodation from grain 
commission firms located at central markets. These firms act in 
the capacity of buffers, securing the money from the banks in the 
large cities at a rate of 5 or 6 per cent and subloaning it to the 
country elevators at the same or a slightly higher rate. As compen- 
sation for their trouble they receive not only the small difference in 
the interest rate but also most of the borrower’s business. Fre- 
quently, one of the conditions under which the Joan is made provides 
that the borrower must consign a certain proportion of the grain he 
ships (varying from 50 to 90 per cent) to the lender. In a few 
cases farmer members are leaving returns from their grain with the 
cooperative companies or loaning them other money; in this way 
they receive 6 per cent interest on funds on which they would obtain 
only 3 to 4 per cent at the local banks. But even with all these 
sources from which to draw needed funds, the country elevator 
operator at times finds himself unable to secure necessary capital, 
and either sustains large losses through inability to fill contracts or 
is compelled to sell his grain at a sacrifice in order to obtain money. 


FURNISHING BAGS TO FARMERS. 


In some sections dealers for many years have furnished the farmers 
with bags for their grain. Upon the approach of harvest the farmer 
may obtain the bags needed from a near-by dealer, whose hope of 
remuneration lies in the expectation of purchasing the farmer’s 
grain. Sometimes, however, the farmer disposes of his grain to a 
rival dealer and the bags are widely scattered over that section. 
Sometimes, also, the farmer uses as many bags as may be required for 
the grain held for his own use. Many bags are thus lost and dam- 
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aged, and the dealer’s cost of doing business is increased. Many _ 
dealers are opposed to this practice, and in most sections all have 
abandoned it, but places still remain where certain of the Cenletrs 
refuse to do so for fear of losing trade. 


FARMERS’ COOPERATIVE ASSO CIATIONS. 


The cooperative-elevator movement, which has been attended by 
both success and failure, has had a rapid development throughout 
the surplus grain producing territory. Not infrequently the failures 
have been caused by hasty and ill-advised action in organizing asso- 
ciations. Many farmers enter cooperative elevator associations with- 
out giving the matter careful and deliberate consideration. Hasty 
action is sometimes caused by enthusiasm engendered by professional 
organizers, who frequently urge the formation of an elevator associa- 
tion without taking into consideration the needs of the individual 
members and the facilities for grain marketing already available in 
the community. Erroneous information regarding the cost of oper- 
ating a plant and the profit from the grain business is sometimes 
used in order to bring the enthusiasm of the producers to the point 
of effecting an organization. Associations which have been formed 
as a result of exaggerated statements regarding the profits that may 
be expected usually experience considerable difficulty in placing the 
business upon a successful basis. Not infrequently such efforts are 
attended by complete failure. 

When the organization of a cooperative elevator association is 
contemplated, careful consideration should be given to the needs of 
the community for additional marketing facilities. Also definite 
information should be obtained regarding the volume of grain 
shipped from the station; usually an average of a 5-year period will 
furnish more reliable information than the shipments of a single 
year. If there are established elevator businesses already at the 
station, a conservative estimate should be made as to what percentage 
of the total volume of grain shipped from the market will be handled 
by the cooperative association. Usually the promotors of cooperative 
associations place the estimate too high. It should be remembered 
that the established plants will retain some of their former business, 
and that the volume available to the new association will be reduced 
accordingly. 

After making conservative estimates of the probable number of 
bushels of grain that will be handled annually, the cost of operating 
the plant should be estimated. The discussion on page 34 of the 
cost of handling grain may be of assistance in arriving at a conserva- 
tive estimate of the cost of operation. With the estimates of the 
volume of business and the cost of operation as a basis, some deduc- 
tions may be made regarding the profitableness of the enterprise. 
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Whenever practicable, associations should purchase existing plants 
rather than construct new ones, thus avoiding duplication of facili- 
ties, with the resulting high cost of operation and reduced profits. 
In negotiating for the purchase of an old plant the association should 
secure the services of one cr more experienced men to appraise the 
property. 

As a general rule farmers should investigate fully the business 
circumstances which are to surround the new enterprise before affili- 
ating themselves with the organization. Moreover, it is usually 
unwise to place too much confidence in what outsiders may say re-. 
garding the profits to be derived and the cost of operating a country 
elevator. 


CONCLUSIONS. * 


1. Price and other factors being equal, farmers should patronize 
houses remaining open throughout the entire year. 

2. The producer of high-quality grain often receives less than it is 
worth in order that an equal price may be paid to a grower of grain 
of inferior quality. : 

3. The farmer who delivers clean, dry, sound grain should receive a 
premium over the price paid to his more careless competitor. Farmers 
who deliver grain of inferior quality should be willing to submit to 
a discount. 

4. Under the present methods of distribution the middleman 
renders a service to the seller in locating the most favorable outlet 
for his grain and securing for the buyer grain of the quality desired. 
However, the number of middlemen may be increased to the point 
where their efforts become a burden and add needlessly to the cost 
of marketing. 

5. The factors that must be considered in determining the price 
paid to the producer are so numerous and complicated as to require 
wide experience and good judgment. Under normal competitive con- 
ditions the farmer usually receives full market value for his grain. 

6. Market quotations and predictions relating to the probable trend 
of prices as they appear in some newspapers and market-news letters 
are often unreliable and should not influence unduly the judgment of 
elevator managers or farmers. 

7. While the “scoop-shoveler” is usually a disturbing element, 
often causing loss to farmers and others having business relations 
with him, it is undoubtedly true that he frequently acts as a restrain- 
ing influence upon the country dealer. 


1 Much of the text of this bulletin is devoted to a discussion of methods of marketing 
at country points for the purpose of affording general information which does not lend 
itself to definite conclusions. 
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8. Contracts with farmers for future delivery of grain should be 
entered into only after the interests of both parties concerned are 
safeguarded by a written contract clearly and concisely setting forth 
all the details of agreement. 

9. In order to determine whether it is profitable to store grain on 
the farm, it is necessary to consider the interest on the investment, 
interest on the grain in store, natural shrinkage and loss by rodents, 
convenience of marketing, condition of roads at time of delivery, 
price at harvest time, and the probable price at some future date. 

10. In the past the natural shrinkage in corn has been so great as 
to show little profit from storage, while if a long-time average is 
taken into consideration, oats and wheat have been stored at a 
profit. . 

11. It is likely that the standardization of grain produced in a 
community would not only result in a reputation for uniform quality 
which at times may command a premium over general market prices, 
but also reduce the cost of handling grain through the local elevator. 

12. Many misunderstandings and oftentimes erroneous conclusions 
regarding the business ethics of parties to a transaction are based on 
weights secured from farm or elevator scales, the accuracy of which 
has not been verified for a considerable period of time. 

13. When many elevators serve a community bad practices are 
usually introduced into the business, which increase the cost of mar- 
keting the farmer’s grain and depreciate the value of all houses in 
the town and surrounding territory. Cooperative associations, as 
well as independent dealers, who desire to enter the business should 
purchase existing plants: if this is practicable rather than build 
new ones, 

14. Losses from shrinkage and overgrading are usually ignored 
by country elevators. Managers should maintain a system of book- 
keeping which shows accurately these as well as all other expenses, 
and a study of the results obtained should enable them to conduct 
their business in an economic and profitable manner. 

15. Grain speculation is always hazardous, especially for those 
who are so situated that they obtain only a limited amount of in- 
formation relative to the world’s production and markets. The risk 
is usually greater when speculating with cash grain than in the future 
markets. 

16. The management of a country elevator is a more complicated 
business undertaking than it would appear to be upon cursory ex- 
amination. The business is attended by many hazards, all of which 
should be weighed in advance by those contemplating such activities. 

17. When the organization of a cooperative-elevator association is 
contemplated, careful consideration should be given to the needs 
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of the community for additional marketing facilities. Usually it 
is unwise to place too much confidence in the statements made by 
outsiders regarding the profits to be derived and the cost of operating 
a country elevator. Farmers should investigate fully the business 
circumstances which are to surround the new enterprise before affili- 
ating themselves with the proposed cooperative elevator association. 


PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF AGRI- 
CULTURE RELATING TO GRAIN MARKETING. 


AVAILABLE FOR FREE DISTRIBUTION BY THE DEPARTMENT. 


Acidity as a factor in determining the degree of soundness in corn. (Depart- 
ment Bulletin 102.) 

A device for sampling grain, seeds, and other material. (Department Bulle- 
tin 287.) 

A moisture tester for grain and other substances and how to use it. (Bureau 
of Plant Industry Circular 72.) 

Improved apparatus for determining the test weight of grain, with a standard 
method of making the test. (Department Bulletin 374.) 

The intrinsic values of grain, cottonseed, flour, and similar products, based on 

_ the dry-matter content. (Department Bulletin 472.) 

Lumber accounting and opening the books in primary grain elevators. (Office 
of Markets and Rural Organization, Document 2.) 

Patronage dividends in cooperative grain elevators. (Department Bulletin 371.) 

A system of accounts for primary grain elevators. (Department Bulletin 362.) 

Cooperative organization business methods. (Department Bulletin 178.) 

Prices of wheat to producers in Kansas, ete. (U. S. 63d Congress, 8d session, 
House Document 1271.) ; 

Rules and regulations of the Secretary of Agriculture under the U. S. Grain 
Standards Act, 1916. (Office of the Secretary, Circular 70.) 


FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS, GOVERNMENT PRINTING 
OFFICE, WASHINGTON, D. C. 


Shrinkage of shelled corn while in transit. (Department Bulletin 48.) Price, 
5 cents. 

Grades for commercial corn. (Department Bulletin 168.) Price, 15 cents. 

The shrinkage of corn in storage. (Bureau of Plant Industry Circular 74.) 
Price, 5 cents. 

Office of Markets and Rural Organization Service and Regulatory Announce- 
ments under the U. S. grain standards act. Price, 5 cents. 
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ADVANTAGES OF STANDARDIZING ACCOUNTING SYSTEMS. 


In modern business, where numerous operating units are con- 
ducted along generally similar limes, a distinct tendency toward 
standardization has been shown. The country creamery offers a 
problem both of factory and of commercial organization. It is 
engaged not alone in the preparation and sale of dairy products but 
in the processing and manufacturing of raw materials into the several 
finished commodities—butter, cheese, condensed or evaporated milk, 
casein, and dry and powdered milk. The methods pursued, though 
varying in many particulars in different sections of the country, are 
similar in most of the fundamental details. Standardization of 
accounting methods and business practices, therefore, as in other 
lines of business, is both desirable and feasible. To this end the 
adoption of uniform methods of cost and general accounting is a 
necessary first step. ; 


Note.—This bulletin is intended for all farmers’ cooperative and cther country creameries throughout 
the United States. It contains copies of forms and a description of their uses for a system of accounts 
which is being recommended by the Office of Markets and Rural Organization and by the Dairy Divi- 
sion of the United States Department of Agriculture as a uniform system of accounting for country 
creameries, i 
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A sound and adequate system of accounts is a prerequisite to good 
management in every organization, and the adoption of a uniform 
system applicable to the industry as a whole facilitates the inter- 
change of ideas and affords comparisons and collections of data which 
make for greater efficiency, saner competition, and sounder methods 
throughout the entire business. An accounting system to be uniformly 
applicable to both large and small units must be flexible enough to 
satisfy the needs of all and yet simple enough to appeal to those 
organizations which do not employ technical bookkeepers. The 
system presented in this bulletin offers the results of careful study 
and practical experiment in creameries operating under widely vary- 
ing conditions. It is designed to meet the increasing need of country 
creameries which are demanding an efficient and practical method of 
accounting. 

TYPES OF CREAMERY ORGANIZATION. 


The types of organization found among creameries vary as widely 
as do those of other marketing associations. Various influences have 
prevailed to bring about these differences, among which may be 
cited the preferences of individual outside organizers, the desire of 
farmers for a free expression of cooperative theory, limitations 
caused by local competitive or trade conditions, and the legal forms 
of organization prescribed by State laws. None of these factors, 
however, have operated to determine any form of organization on a 
broad scale. Rather, they have brought about variations in the 
types of individual creameries, even where these have been situated 
in close proximity to one another. Forms of organization to some 
extent influence the business relations of creameries to their patrons 
and thus have a bearing upon the methods of keeping creamery 
accounts. 

Among cooperative creameries, namely, those paying limited 
stock dividends and distributing the balance of their net earnings 
in the form of patronage dividends, the most favored form of organi- 
zation is the stock corporation, with by-law stipulations limiting 
the ownership of shares by any one member to a prescribed number 
and distributing the voting power on the basis of membership rather 
than on ownership of stock. In organizations of this type one vote 
is allotted to each member. A few creameries are nonincorporated 
associations, and still others, although incorporated, have no capital 
stock and in some cases have even no stipulated form of membership. 

As a general rule the plan of organization of any association whose 
operations require the ownership of properties should provide that 
all capital be subscribed in specific, definite amounts, through the 
purchase either of shares of capital stock or memberships of stipu- 
lated value. This defines clearly the relative financial interest of 
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each member in the association and indicates the amount of capital 
subscribed and paid by him to the association. Stock or member- 
ship shares may be made redeemable at their face value by the 
creamery at the time the member severs his connection with the 
association. Such stock or memberships should then be reissuable 
to active or new members. This plan will in a measure keep the 
ownership of the stock or memberships in the hands of resident 


members. 
OPERATING METHODS. 


The methods employed in operating country creameries vary in 
certain particulars, necessitating also minor variations in accounting 
forms. Classified according to the principal types, these difierent 
methods of operation or forms of organization are as follows: Farmers’ 
cream stations, shipping to centralizers that are owned by either 
private or cooperative capital; creameries operated both as butter 
factories and as cream dispensing stations; and creameries operated 
exclusively as butter and by-product manufactories. 

The system of accounts described herein is not intended for simple 
cream stations, as these will require a much simpler form of account- 
ing, consisting mainly of a cream receipts form, a eash journal, and 
payment vouchers for the cream purchases. This system, however, 
is applicable to the other types, and it is not material whether the 
creamery manutactures all of its raw material or manufactures part 
and sells the remainder. 

_ Creameries manufacturing by-products, such as cottage cheese, 
condensed milk, case, and milk sugar, on a large scale and located 
in large centers, are not intended to be covered by the system herein 
described. The specialized needs and complicated requirements 
of their business should be made the subject of special study before 
a system of accounts covering their needs is recommended. 

In creameries where cream or milk is purchased outright the 
methods of bookkeeping are not unlike those in other manufacturing 
concerns. The cost of the raw material is determined in advance 
of the sale of the manufactured product. This method is reversed 
in certain cooperative creameries. When it is the intention of the 
organization to pay back to the producer the entire monthly net 
income accrued from the sale of the manufactured product the cost 
of the raw material is figured from the net amount distributable, this 
being the difference between the gross income and gross operating 
expense during a given period. The expenses may be computed 
upon the basis of overrun, or as a fixed charge per hundred pounds 
of butter, or according to various other permissible methods. The 
gross mcome comprises the returns from all products manufactured 
or sold during the given period. Under this second arrangement 
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settlements for a given month are figured from the first to the last 
day of the month and payments made at a convenient time durmg 
the month following. 


ACCOUNTING CONDITIONS. 


Owing to the lack of specific information in regard to accounting 
in farmers’ creameries, it has been necessary in the past for each 
secretary, using whatever knowledge of commercial accounting he 
possessed, to devise a system which in his opinion would best suit 
the specific requirements of the business, the essential forms bemg 
selected from the many which have been placed upon the market 
by publishing houses catering to the creamery trade. No uniform 
system was available which could be applied to the needs of practi- 
eally all country creameries; hence, systems of accounting are 
practically as numerous as creameries. A few of these are complete 
double-entry systems, but in most particulars they consist mainly 
of detached forms, reports, and memoranda designed chiefly to aid 
the secretary in making up his annual report. The records of the 
business done by the patrons, including the receipts of milk or cream 
and of payments made, therefore, are generally satisfactory, as much 
attention has been paid to this part of the work. But aside from 
this feature, a large number of accounting systems now im use are 
inefficient and incomplete; the preparation of an intelligible balance 
sheet or a statement portraying the results of operation is extremely 
difficult, if not often impossible, as there is no definite plan for cel- 
lecting and classifying the items or bringing the totals together. 

Loeal conditions have influenced to a great extent the construction 
and use of creamery forms. Differences in methods of operation, it 
was believed, necessitated differences in the manner of keeping 
records and in the form of records, and no concerted effort was made 
to bring about uniformity. Such differences were found in the 
method of deliveries, the frequency of testing, the division of work 
between the secretary and treasurer, the method cf marketing, the 
frequency of payment, and the form in which the raw material was 
received. While provision must be made for all these variations, no 
apparent reason appears why any of them should make necessary any 
radical change in the accounting system. 


ACCOUNTING REQUISITES. 


The cause of a large percentage of business failures may be traced, 
either directly or indirectly, to the lack of a proper accounting system. 
Keen competition in present-day business requires that the manager 
shall command accurate and reliable data regarding his business and 
the cost and results of operation. Proper accounting includes not 
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alone the determination of financial standing, but also the determi- 
nation of the results of operation during any specific period. A 
system of accounting, to fulfill these requirements, should show at 
any desired time the assets and liabilities of a business, supplies on 
hand, expenses incurred, receipts and disbursements of cash, pay- 
ments made to patrons, profits and losses, and the details of the 
various transactions affecting operating results. 

This information, which is essentially necessary to efficient control 
and sound management, should be compiled periodically, preferably 
monthly. It should be recorded in condensed and clarified form on 
monthly statements, giving full details regarding all items of oper- 
ation, through the use of properly drawn books of original entry. 

An accounting system, however, does not consist merely of books 
and forms, but, in its broader sense, includes the whole working 
environment of the office. The best results are obtained with any 
accounting system when the office is properly equipped with modern 
appliances, approved and used by the great majority of institutions, 
namely, proper filing devices, an adding machine, a typewriter, and 
other facilities for the usual routine of office work. 


AUDITING. 


The importance and desirability of an audit is especially apparent 
in companies operated on a cooperative basis, since in such companies 
the patrons are, in a Sense, copartners. . 

The audit sheuld be made by an accountant familiar with creamery 
accounting and competent to render advisory service to the organi- 
zation. In some cases creameries employ the services of members 
to make periodical audits, but as a rule this method is not satisfactory, 
either to the manager or to the patrons, since audits of this character 
are at best seldom founded upon any extended knowledge of account- 
ing. Aside from the value of proper accounting itself, probably no 
other feature in cooperative business enterprise serves to bring about 
more confidence or create greater business Staiity than a periodical 
audit by competent accountants. 


DESCRIPTION GF THE FORMS. 


The forms comprising this system of accounting have been adopted 
after exhaustive investigation as to their time-saving quality and 
adaptability to the needs of country creameries.!. While differences 
im creamery requirements may suggest changes 1 in some of the auxil- 
iary forms, such as cream and milk receiving sheets, it is not probable 
that alterations will be necessary in the main features of the system. 


1 With the close cooperation of the Dairy Division of the Bureau of Animal Industry of this department, 
this system has been developed-in actual operation in creameries selected by: that division. 
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The system is composed of the followmg forms:! 


Form No. 1. Cash Journal. 
No. 2. Record of Shipments on Consignment. 
No. 3. Cream Receiving Sheet. 
No. 3a. Daily Cream Receiving Sheet. 
No. 3b. Daily Cream Receiving Sheet (Grade). 
No. 4. Milk Receiving Sheet. 
No. 5. Patron’s Voucher (Duplicate). 
No. 6. Monthly Operating Statement. 
No. 7. Patron’s Settlement Sheet. 
No. 8. Buttermaker’s Daily Record. 
No. 9. Butter Balance. 
No. 10. Patron’s Butter Order. 
No. 11. Local Sales Ticket (Duplicate). 
No. 12. Consignment Invoice (Duplicate). 
No. 13. Inventory. 


The forms are described in their consecutive order as listed above. 
CASH JOURNAL. 


The cash journal (Form No. 1, p. 24) provides a sy stematic, 
chronological reference of the fnancul transactions occurring during 
the month and, through the provision of extra columns, fedineee the 
amount of posting to a minimum by assembling items of a similar 
character into separate totals for the month. The debit columns of 
this form bear the following headings: 


Date. General ledger. 
Folio. Labor. 

Cash. Repairs. 

Bank deposits. Freight and drayage. 


Accounts receivable. 


The credit columns are as follows: 


Folio. Sales, butter shipped. 

Check number. Butter (local), pounds, amount. 
Bank withdrawals. Buttermilk, pounds, amount. 
Accounts receivable. Cream, pounds, amount. 
General ledger. Milk, pounds, amount. 

Invoice or ticket number. Cottage cheese, pounds, amount. 


Two columns in blank are also provided on both the debit and credit 
sides, which may be used according to the requirements of the indi- 
vidual creamery. 

Columns are also provided between the debit and credit sides 
for items and explanations. 


7 RECORD OF SHIPMENTS ON CONSIGNMENT. 


In order that a continuous, concise statement may be had of all 
shipments of manufactured produets on consignment to outside 
markets, the record of shipments on consignment (Form No. 2, p. 25) 


1 In preparing working sets of this system, two binders should be provided, the first containing forms i and 
2, and the second, forms 6 and 7, 
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has been devised, setting forth the desired data under the folowing 
columns: 


Date. Returns received, date. 
Shipped to. Net market Weight. 
Shipped via. Price per pound. 
Number of packages. Amount. 

Shipment number. Draft. 

Kind and grade. Balance on consignment. 


Shipping weight, Gross, Net. 


This form serves not only as a memorandum of consignment 
shipments, but as a basis of computing the inventoriable balance 
of manufactured products in transit. When a shipment is made, 
the information available at that time, namely, the date of ship- 
ment, to whom shipped, shipped via, the number of packages, the 
shipment number, the kind and grade, and the shipping weight, 
should be extended in the appropriate columns. As soon as the 
returns are received on the shipment the record should then be 
completed, showing the market weight, the unit price, the amount 
received for the shipment, and the date of rece'pt. When drafts 
are drawn at the time shipments are made, these should be entered 
immediately in the ‘Draft” column. It frequently will happen 
that when the operating statement is being made up certain ship- 
ments will be outstanding upon which returns have not been received. 
When this occurs, the estimated value of the goods should be entered 
in the ‘‘amount” column to ascertain the gross inventoriable value 
of all outstanding consignment shipments. From the gross value 
however, must be deducted the amount ofall drafts drawn against 
the various shipments in order to obtain a net outstanding consign- 
ment value. This latter is carried over in the ‘Balance on con- 
‘signment” column, the total of which for the month is transferred 
to the inventory sheet under ‘‘ Butter, net consigned.” 


CREAM RECEIVING SHEET. 


Individual preferences of creamery managers for forms for record- 
ing the receipt of cream are extremely varied. As the actual design 
of such forms is not of vital importance, such individual preferences 
can be exercised freely, so far as these meet the actual requirements 
of the case. It is not intended that the forms here presented shail 
be used to the exclusion of all others. 

The cream receiving sheet (Form No. 3, p. 25) is so devised that 
the gross, net, and tare of cans of cream may be shown. 

The sections of the form on which are recorded the patron’s name 
and number, either in consecutive order or according to groups by 
route number, are provided in duplicate, one copy of which is 
retained in the office and the other used in the receiving department. 
This latter, with the sheet upon which are recorded the gross, tare, 
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and net of cream or milk, and the test and pounds of butter fat 
received, are fastened on a clip board and together form the complete 
receiving sheet. Each list of names receives a number, which num- 
ber is assigned also to the corresponding cream receiving sheet. 
When ali receipts of the day have been recorded, the receiving sheet 
for that date is removed from the clip board and attached to the 
original list of patrons’ names in the office, while a new receiving 
sheet is placed on the clip board for the following day. 

A margin has been provided on the cream receiving sheet, so that 
they may be pasted together in the order of date to form a complete 
receiving record for an entire monthly period. 

Form No. 3a, page 26, is provided for creameries which prefer to 
keep their receiving record according to date rather than according 
to list, as suggested under Form No. 3. 

A further variation is shown in Form No. 3), page 26, which pro- 
vides for a daily record of milk receiving sheets according to grade. 


MILK RECEIVING SHEET. 


In creameries which provide separate facilities for recetving milk 
the records must provide for recording the pounds of milk, the test, 
and the butter-fat content. Experience has shown that a sheet 
devised to accommodate the receipts covering an entire monthly 
period is not satisfactory. The most valid objection is that the sheet 
is not easily procurable for the use of the bookkeeper until the first 
of the following month; aiso, owing to the very nature of his work, 
the milk handler often so defaces the sheet as to make the figures 
upon it illegible. The milk receiving sheet (Form No. 4, p. 27) has 
been devised to overcome these disadvantages. 


It provides for the recording of milk receipts for 10-day rather | 


than monthly periods. Its operation is similar to Form No. 3, the 
cream receiving sheet. Duplicate lists of patrons, with their num- 
bers are provided, and one copy is retained in the office, the other 
bemg sent to the receiving department. The milk sheets, however, 
are usually fastened on the bulletin board attached to the wall in 
the milk room, in order that they may be accessible to the milk 
handler. 

On the sheet for the third period a column has been provided for 
extensions, showing the total pounds and the total amount paid for 
skim milk during the month. This information will be found of 
valuable assistance in making up the patron’s settlement sheet. 


PATRON’S VOUCHER. 


The patron’s voucher (Form No. 5, p. 28) has been provided 
to serve the double purpose of a voucher check and a statement of 
the patron’s account. It is furnished in duplicate, the original 
going to the patron and the duplicate copy remaining in the office to 


es 
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serve as the patron’s ledger account. On thestatement are arranged 
columns for the following information: Date, cream or milk, test, 
pounds of butter fat, price, amount, and deductions on account of 
charges to patrons as follows: Pounds and amount of butter, hauling, 
and sundries. 

The form is designed to accommodate 10 entries of deliveries during 
the month, but in case patrons make a greater number of deliveries, 
the statement may be extended to any ocinad length. 

This form has the advantage of presenting to the patron in com- 
pact arrangement all the facts regarding his account. It facilitates 
also the detection of possible errorsin calculation. In this connection 
the patron always should be urged to verify the statement of the 
creamery with his own records before detaching and cashing the 


attached check. 
OPERATING STATEMENT. 


The operating statement (Form No. 6, pp. 29-31) 1s designed for the 
purpose of facilitating the gathering together of the items of income 
and expense in sales that the amount distributable to patrons may 
be shown. All items of income, expense, and distribution ordinarily 
required in country creameries are represented in detail, and columns 


are provided for the amounts of theseitems. The different accounts 


in the books are classified under imcome, deductions, reserves, and 
payments to patrons, so that the various steps necessary to the final 
distribution of the net income of the creamery follow in their proper 
sequence. 

Included with the cperating statement is a statement of statistic 
and formulas for computations. The statistics include data of 
interest in reference to the conduct of the creamery or of use in com- 
puting costs. The computations are designed to explain the method 
of arriving at the proper distribution a values as recorded on the 
operating statement. 

Yor the convenience of the creamery a working sheet for trial 
balances or other general purposes has been provided on the reverse 
side of the operating statement. All the figures regarding the opera- 
tion are thus practically consolidated on one sheet. 

THE PATRON’S SETTLEMENT SHEET. 


The patron’s settlement sheet (Form No. 7, p. 32) is one of the 
more important forms in the accounting system. Upon it is based 
the distribution of income due patrons for raw material. This sheet 
provides fer the recording of the names of patrons, their numbers, 
pounds of milk or cream, pounds and value of butterfat, pounds and 
value of skim milk, and gross amount to be distributed for raw mate- 
rial. Deduction columns are included for such items as butter sold 
to patrons, hauling expense, sundry expense, amounts paid by check, 
and the amount of current overdrafts. 
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The ‘‘Sundry’’ column should be used for miscellaneous deductions, 
such as the sale of supplies on account to patrons, deduetions for 
previous overdrafts, or other items fer which special cohimns have 
not been provided. For convenience of oes it will be found advan- 
fageocs to recap the total of the “‘Sundry”’ column so that the totals 

f all similar items may be shown. The rer maining columus on the 
fet are peat guieoiion: and are used fer the various purposes ndi- 

a st 


BAILY EECORD. 


e butter maker’s daily record (Form No. 8, p.33) is a simple 
fi Ree for the purpose of furnishing data egal the daily 
run of manufacturing operations in the creamery. It will aid m 
contrelling the overrun and nr regulating the uniformity of the 
product. As a reference sheet, giving micrmation of sources of 
losses and a comprehe sive understanding cf the activities m the 
workroom, it shoud we of considerabie value to both the manager 
and the butter make 

BUTTER BALANCE. 


The butter balance (Ferm Ne. 9, p. 33) serves as a perpetual 
inventory of butter on hand and oper ihe s as a check upon the butter- 
maker’s daily record snd the record of sales. The butter balance 


should always check elosely with the actual a sical inventory at the 
end of each month. 
PATRON’S BUTTER ORDER. 


The custom of advancing butter to patrons on account without 
recording the number of pounds is likely to lead to discrepancies 
which are difficult to locate and correct at the end of the month. 
In order to avoid this difficulty the patron’s butter order (Form 
No. 10, p. 34) is recommended. No butter should be advanced 
to patrons unless a signed order bearing the patron’s name and 
number and setting forth the number of pounds f for which the erder 
is given has been received from hint. These orders should be filed 
until the end of the ene and then be charged to the patron under 
‘‘Deductions”’ on the patron’s voucher. 


LOCAL SALES TICKET. 


The local sates ticket (Form No. 11, p-. 34), Pe a simple 
form for recording both cash and eredit sales to local parties. The 
tickets should be made in duplicate and numbered consecutively, 
the origial being given to the customer and the duplicate bemg 
retained in the creamery as a memorandum of sale. Ail lecal sales 
are recorded in the cash journal, the amounts being credited in the 
“Butter sales—local’’ column with a corresponding debit entry to 
cash or to accounts receivable, as the ease may be. 
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CONSIGNMENT INVOICE. 


The consignment invoice (Form No. 12, p. 35) is used for in- 
voicing consignment carpe and should ts made in noe and 
numbered consecutively. The information contained therem should 
be. recorded on Form No. 2, the “Record of shipments on consign- 
ment’. 

INVENTORY REPORT. 

In order that the bookkeeper may ascertain the balance on hand 
of inventoriable supplies, it will be necessary to take actual physical 
inventories at the end of the month. The inventory report (Form 
No. 13, pp. 36,37) will be found convenient for this purpose. The 
various supplies ordinarily used in the operation of the creamery 
are noted on the form, while blank spaces are provided for other items 
not enumerated. The report furnishes information as to supplies on 
hand at the end of the previous month, giving the amount received, 
on hand, and used during the current month, together with the dis- 
tribution of the usage as between butter, by-products, and patrons. 


OTHER FORMS. 


The forms above described and illustrated in this bulletin are those 
which are considered practically indispensable in the average cream- 
ery. It is apparent, however, that conditions may arise where other 
forms will be necessary. Awoue these may be mentioned the fol- 
lowing: 

1. Duplicate ticket. 
2. Hauler’s report. 


3. Station operator’s report. 
4, Hauler’s or station check sheet. 


DUPLICATE TICKET. 


There is considerable variation in the practice of giving receipts 
for deliveries ef the raw product af the creamery. Where such a 
receipt is required, a ticket form greatly facilitates the work of the 
receiving room in this respect. The ticket should be made in dupli- 
cate, either by means of a carbon sheet or by providing a two-piece 
tag. In the latter case, the two sections of the tag are numbered 
correspondingly and each bears the same information respecting the 
weight of the product received. The lower half of the tag should be 
torn off and given to the patron as his receipt, the upper part remain- 
ing as the record of the ereamery. The tickets should be employed 
merely as memoranda of deliveries. 


HAULER’S REPORTS. 


Creameries operating routes on which the cream is weighed and 
sampled by the hauler should require standard forms for this purpose. 
These are obtainable from various publishing houses and need not 
be described here. 
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STATION OPERATOR’S REPORT. 


Vhere creameries operate cream stations from which they receive 
shipments a station operator’s report will be found of great assistance. 
This report should include the weights and tests of the receipts at 
skimming or receiving stations. It should be forwarded daily by 


the station operator te the creamery office, so that mformation 
Fas 


regarding the amount of butter fat received at the station may be 
availabie to the butter maker. 


HAULER’S OR STATION CHECE SHEET. 


In the operation of cream-receiving stations and routes, where the 
weighing and sampling of cream are done by station employees or 
haulers, a hauler’s or station check sheet will be found of value m 


avoiding losses from dishonesty or carelessness. 
METHOD GCF OPERATING THE SYSTEM IN COOPERATIVE CREAMERIES. 


As the Office of Markets and Rural Organization creamery account- 
ing system is intended for use both in cooperative creameries and 
in these operated under private or corporaticn management, the 
method of operating the system will be discussed with relation te 
the necessities or each type. Since the majority of farmers’ cream- 
eries are operated cooperatively, the system has been based funda- 
mentally upon cooperative requirements, and the following discussion 
has reference to its operation in creameries effecting the distribution 
of their net income on a raw product delivery basis. 


RECEIVING RAW PRODUCTS. 


The receiving sheets for cream should be selected accordimg to the 


custom of receiving made necessary by local conditions. Form No.3 
is recommended because of the check it affords on the incoming 
eream. In the use of this form it is necessary to weigh the full cans 
and the empties in order that the gross, tare, and net may be recorded, 
and this practice may be recommended as a {actor in eliminating 
the possibility of errors. In case the weight of the cans is marked 
‘upon them, either Form 3, 3a, or 3b may be used. When the 
receipts for the day have been recorded upon the receiving sheet the 
data should be completed by recording the test and ascertaining the 
butter-fat content. In the event that composite tests are made 
the butter-fat content should be computed from the total receipts 
during the period over which the test extended. 

The recording of receipis of milk is similar to that in the case of 
cream, and the data furnished by these shects may be obtained in 
conformity with instructions already given in this bulletin. 
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CASH JOURNAL. 


The cash journal is designed to facilitate the handling of cash and 
journal entries. No posting should be made to the ledger other 
than from entries made on this form. By following this rule the 
liability of error in posting wil! be greatly reduced and an explanation 
of all ledger entries will be obtamable without the extra labor of 
enters such details in the ledger. The form is so arranged that 
all debits are entered to the left and all credits to the right of the 


“Ttems” column. Because of this arrangement the sum of the totals 


of entries in columns on the one side should equal that on the other, 
except that in entering the cash balance at the head of the “Bank 
deposits’’ column as the first entry of the month the debit will exceed 
the credit by that amount. 5 


Use or Desir CoLuMNS. 


CASE. 


\ 


A ‘Cash’ column is provided for the itemized entry of all cash 
receipts. At convenient periods the amounts appearing in the 
column are footed and the total transferred to the ‘‘Bank deposits” 
column. Oash and checks to an equal amount are then deposited 
in the bank. Footings are not earried forward except when the 
entries of the day’s business extend over to the following page and a 
subfoeting is necessary to secure the full total of the day’s receipts. 
The “Cash’’ column entries act merely as memoranda of the daily 
receipts. | 

BANK DEPOSITS. 

As explamed under “Cash”’ the “Bank deposits’’ column is used 

for the purpose of recording daily receipts of cash as deposited in 


the bank. In order that the total may represent the entire debit 


to cash at the end of the month, the balance of available cash in the 
bank at the begmning of the month should constitute the first entry 
of the month in this column. 


ACCOUNTS RECEIVABLE, 


In the “ Accounts receivable”’ column are entered all items repre- 
senting charges to personal accounts. The individual items are 
pested to the respective accounts mm the ledger, while the total for 
the month is carried to the debit of the “Accounts receivable con- 
trol”’ account in the general ledger. 


GENERAL LEDGER. 


All debits to general accounts, not including accounts for which 

o A fo) 
special columns have been provided, should be entered in the ‘‘ General 
ledger’ column. Such accounts will include capital, income, 
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expense, and inventory accounts and various other miscellaneous 
accounts, while the accounts for which pce columms are designated 
inchide such as iiber: repairs, hauling, and drayage. The items in 
the “‘General ledger’? column are posted in LEO to their re- 
spective accounts, but the totals only of the special columns are 
carried to the Se accounts in the ledger. The “General 
ledger”’ eee being in fact a sundry debit column, may be 
analyzed and the items of similar character recapped, die affording 
a reduction in the amount of posting as well as classifying Information 
for use in the monthly operating statement. 


Use or Crepit Cenuuns. 


BANE WITHDRAWALS. 


All checks issued, for whatever pumpere, should be entered in the 
“Bank withdrawals” column, the numbers of the checks being 
recorded consecutively in the ‘‘Check number”? column. In the 
case of payments for the purchase of butter fat or for other raw 

material where the checks are all drawn at a given time during the 
month, a single entry in the “Bank withdrawals”’ column, repre- 
senting the totals of such checks, is sufficient. The numbers of the 
first and last checks drawn, as from 101 to 120, will be a sufficient 


record in the ‘‘Cheeck number’’ column. 
{ 


ACCOUNTS RECEIVABLE AND GENERAL LEDGER COLUMNS. 


Items entered in the “Accounts receivable” and ‘‘General ledger” 
columns are of the same nature as those mentioned under the same 
headings in the discussion of the use of the debi 
total of the “Accounts receivable” column should be posted to the 
eredit of the ‘Accounts receivable contrel’’ account in the general 
ledger. 

INVOICH OR TICKET NUMBER. 

After sales of butter, buttermilk, cream, or other produets or 
supplies are made, the number of the mvoice or ticket recording the 
sale should be amiere in the “Invoice or ticket number” column 
opposite the entry of the amount of the sale. In so far as practicable, 
all tickets should be entered consecutively mm order that sales may 
be easily located in the cash journal. 


SALES—BUTTER SHIPPED. 


Items in this column represent the checks and cash received for 
butter consigned to and sold in distant markets and the eredits 
for butter shipments sold on account. Where drafts are made 
against shipments, such drafts should also be recorded as part of 
the receipts on account for the butter shipped. The total of this 


it columns. The 
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column will then represent the amount of money received in drafts, 
checks, and cash for butter sold through outside dealers, plus the 
value of butter sold on account. ‘ 


OTHER SALES COLUMNS, 


The several columns headed ‘‘Butter—tocal,” ‘ Buttermilk,” 
“Cream,” ‘“‘Miik,”’ ‘‘Cottage cheese,” and the two blank columns 
provided for special use, like the ‘‘Sales—butter shipped’? column, 
are used for entry of the sales of the specific product designated. 
They provide a summary of the income from such sales for each 
monthiy period. The totals of the columns are posted to their 
respective accounts in the general ledger at the end of the month. 
The total of the ‘‘ Butter—iocal”’ column, however, is carried, together 
with the total of the ‘‘Sales—butter shipped’’ column, to the credit 
of the general “‘ Butter sales’”’ account and not to a separate ‘‘ Butter— 
lecal’”’ account. ‘The sales of butter to patrons should be entered in 
the ‘‘General ledger’? cotumn and be posted to the ‘‘ Butter sales”’ 


account. 
THE LEDGER. 


For convenience im operation it is often found advisable to divide 
the ledger into two parts, so that a distinct division may be made 
between the general accounts and personal accounts or accounts 
receivable. Where this method is followed, an account should be 
carried in the general ledger under the caption ‘‘ Accounts receivable 
control.” Postings to this account are made once a month and are 
derived from the totals of the debit and credit accounts receivable 
columns in the cash journal. It follows then that since the postings 
to this account are the totals of all debit and credit entries made to 
individual accounts, the balance of ‘‘Accounts receivable” taken 
mdividually should equal the balance of the control account. By 
dividing the ledger into two parts and carrying control accounts in 
the general ledger, it is also possible to take a trial balance covering 
the entire operation of the business by reference to the accounts in 
the general ledger only. 

The correctness of the accounts receivable ledger is ascertained 
by comparison of its balance with that of the control account. The 
practice of arbitrarily ruling off accounts in the ledger at the end of 
each month because of the fact that creamery operation usually is 
divided mto monthly periods is not recommended, since it is intended 
that the ledger shall represent a continuous, accumulated record of 
the transactions throughout the year. For convenience in making 
up the operating statement, pencil notations of the monthly balanees 
of accounts may be set down as marginal notations in the ledger 
accounts, and all entries to the operating statement, except inven-, 
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tories of manufactured goods, should be derived from the monthly 
balances of accounts, as shown in the ledger. By means of this 
arrangement the trial balance will afford a eee check upen the 
monthly operating statement which could not be attamed H the 
ledger were ruled off each month. At the end of | th e year when the 
ledger is closed, the net balance cf transactions for the complete year 
should agree with the undistributed balance for the last month of 
operation, as shown by that month’s operating statement. 


CASH AND PETTY CASH. 


Tn order that a complete trial balance may be taken from the ledger 
it is advisable to carry a ‘‘Cash”’ account, representing the net balance 
of available cash in the bank at the end cf each month. But one 
entry a month is See to this account, this being the difference 
between the totals of the ‘‘Bank dene” column and the “Bank 
withdrawals’ column as shown in the cash journal. If the total of 
the ‘‘Bank withdrawals” column should exceed that of the “Bank 
donee se) column, this account will show a credit balance. Because 
of the fact that the entries to this account represent balances, it is 
not necessary to accumulate the items mm the ledger from mont to 
month. 

For convenience in paying out small sums of money m the form of 
cash for daily expenses and for making change, a petty cash fund 
should be established in a sufficient amount to take care of these items. 
Tn order to establish this fund, a check should be drawn, crediting 
cash and debiting petty cash. The fund can then be used as needed. 
Vouchers for payments of petty cash should be k kept on file until the 
end of the month, when an entry can be made in the cash journal 
debiting the proper expense accounts for which the payments were 
made and crediting petty cash. In some creameries it is the custom 
to use shipping tickets for the transportation of certain products, and 
in such cases it will be found convenient to purchase a supply of these 
tickets with the petty cash fund and to treat the tickets as petty cash 
on hand. ‘This will save a considerable amount of posting of small 
entries to the ‘‘Shipping ticket’’ account, as ° summary of the expendi- 
tures of this nature can be made at the end of the month and posted 


as one item.! 
INVENTORY AND EXPENSE ACCOUNTS. 


Accounts covering all inventoriable supplies, such as coal, salt, and 
tubs, should be carried in the general ledger, together with their cor- 
respon expense accounts. As such goods are purchased the 
“Tnventory’’ account should be charged. The usage, as shown by 


the physical inventory, should be credited to the “Inventory” 


1 For further discussion of petty cash see U. S. Department of Agriculture Bulletin 178, Cooperative 
Organization Business Methods. 
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count and charged to the corresponding ‘‘Expense’’ account. Butter, 


milk, cream, and cottage cheese, which may be on hand, should not 
be carried in accounts in the ledger, as it is the intention to make a 
complete distribution to patrons for goods of this nature which may 
be on hand at the end of the month. However, if manufactured 
goods be on hand at the end of the year when the books are closed, 
they should be inventoried. These accounts should then be closed 
and the balance carried forward to the “Operating statement’’ for 
the first month of the succeeding year. For example, in the case of 
butter, this may be accomplished by debiting “Butter inventory”’ 
and crediting “Butter sales,” thus setting up an asset of butter on 
hand and showing the amount of mcome derivable from it. Upon 
opening the books for the following year a reverse entry should be 
made, crediting ‘‘ Butter inventory’”’ and charging “Butter sales,” 
thereby replacing the butter upon the “Operating statement” and 
debiting the sales for the following year, since credit has been taken 
for the value of this butter in the sales of the year just closed. Other 
expense accounts may occur aside from those derived from usage of 
inventoriable material and these will include such as salaries, office 
expense, depreciation, bad debts, surance, repairs, and miscella- 
neous expense, all of which are derived from entries made in the cash 
journal. 
INCOME ACCOUNTS. 

Since the income of a creamery is secured from the sale of butter, 
cream, milk, cottage cheese, and other dairy products, the ledger 
should carry accounts showing the amount of sales creditable to each 
of these, and these accounts should be debited with any allowances 
made to customers. 


CAPITAL, PROPERTY, AND RESERVE ACCOUNTS. 


An aecount should be provided showing the capital stock outstand- 
ing, or the portion of the capital which is used or is available for the 
working of the business, as well as accounts showing the value of 
plant, machinery, and real estate. Since there are certain wastages 
taking place in the operation of a business which are not directly con- 
trollable by the management, it is necessary to set up such accounts 
as “Reserve for depreciation on buildings,” ‘Reserve for deprecia- 


tion on machinery and equipment,” “Reserve for sinking fund,’’ 


“Reserve for bad debts,’ and for such other accounts as may be 


required. 
RESERVE FOR DEPRECIATION. 


It is estimated that the depreciation on a brick building is from 

2 to 3 per cent per year and upon a frame building about 5 per cent. 

Creamery managers, therefore, should be careful to deduct a monthly 
92644°—Bull. 559—17——3 
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charge equal to one-twelfth of the yearly amount computed upon the 
above basis. These amounts should be charged to ‘“ Depreciation 
on buildings’”’ and credited to “Reserve for depreciation on build- 
ings,” and, as in the case of all other expense accounts, the monthly 
amount should be transferred to the monthly operating statement 
and there deducted from the gross mcome. Because of the peculiar 
nature of the business, the average rate of depreciation on machinery 
and equipment in creameries should be placed at as high a rate as 
15 per cent annually. A reserve for one-twelfth of that amount there- 
fore should be set up monthly and charged against the operating 
statement. It is essential that a “Reserve for depreciation on 
machinery’? should be set up im order that the plant be kept at its 
highest efficiency. Poorly kept machmery will often affect the value 
of the product manufactured and the expense of keeping machinery 


. in proper shape is, therefore, more than offset by the possible loss of 


income through its depreciation. Reserves for depreciation of prop- 
erty, whether buildings, machinery, or equipment, should be charged 
with replacements, but ordinary repairs should be charged to the 
repair account. 

RESERVE FOR SINKING FUND. 


The laws of some States require that cooperative organizations set 
aside each year a certain percentage of the capital invested to pro- 
vide a reserve for the retirement of the capital stock. Creameries 
in those States are obliged to comply with the requirements of the 
law and to reserve an amount annually in accordance with its pro- 
visions. In a large number of creameries, particularly among those 
located in the State of Minnesota, a reserve is set aside monthly in 
what is termed a sinking fund. The financial transactions are then 
divided into a general fund and a sinking fund, the former including 
all receipts of cash and all disbursements for butter fat, supplies, 
and operating expense. A sinking fund, as a rule, covers repairs to 
machinery, taxes, insurance, and dividends on stock, usually termed 
‘‘Interest on stock.’”’ The rate per pound cf butterfat for reserve in 
this way varies from one-fourth of a cent to 1 cent. The purposes 
for which this fund is established vary greatly, for, while some organi- 
zations charge the sinking fund with the items recorded, in others 
the full amount is applied annually to the interest on and the prin- 
cipal of the indebtedness of the organization, while taxes, insurance, 
and repairs are prorated over the year and included in operating 
expenses. In general, it may be recommended that it is better 
practice to set aside separate reserves for the different forms of 
depreciation which may occur, since the carrying of many charges in 
one reserve account may lead to an insufficient amount being set 
aside to offset the wear and tear on the whole plant. Aside from 
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the above reserves, it is sometimes desirable to carry the undis- 
tributed balance of income, as shown by the operating statement, to 
the ledger instead of carrying it forward to the head of the next 
month’s operating statement for distribution. Since the undis- 
tributed balance is excess income, it can only be considered as an 
amount of surplus, and therefore can not properly be designated as 
a reserve, although it may be used as a fund for general purposes not 
specifically covered by other reserves. 


CLOSING THE LEDGER. 


At the end of the fiscal year the books of the creamery should be 
closed. In books operated in conformity with the instructions con- 
tained in this bulletin, the totals of the income and expense accounts 
portrayed in the ledger are the result of accumulated credits and 
debits for the entire yearly period. 

A physical inventory should be taken of all property and supply 
accounts, the value of which should be credited to the inventory 
accounts in the ledger and carried forward as the balance on hand at 
the beginning of the year. Should the inventory accounts show a 
credit balance, it will indicate that the usage charged to such accounts 
has not been distributed in the proper amounts during the year. 
The error ia distribution either may be charged entirely against the 
last month or may be prorated as added expense during the months 
of the following year. 

All income and expense accounts should be closed by debiting 
them with an amount to balance and such amount should be carried 
to the profit and loss ‘account. If the entire income has been 
expended during the year, the profit and loss account should balance 
and there should be no addition to surplus. However, an undis- 
tributed balance in the operating statement of the last month is 
often shown and, in that event, the profit and loss account should 
show a credit balance of an equal amount. Where an undistributed 
balance is shown, it may be added to surplus or profit and loss may 
be debited, and the amount carried forward to the operating state- 
ment for the first month of the following year, there to be distributed, 
together with other income of the month. 

In opening the books for the new year, all accounts shown will 
then be either assets or liabilities, together with surplus, capital, and 
reserves, the latter representing the net capital of the company. 


THE OPERATING STATEMENT. 


After all entries covering income and expenses have been made 
in the ledger, the monthly balances of these accounts should be 


1 For further discussion of this subject, see U.S. Department of Agriculture, Office of Markets and Rural 
Organization, Document No. 2: Lumber Accounting. and Opening the Books in Primary Grain Elevaters. 
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transferred to the operating statement, which is in effect a staterment 
of the income and expense, together with the distribution of the net 
income. Aside from these entries, the operating statement should 
record the inventory of butter at the beginning and end of the month. 
The inventory of butter will‘include butter in the refrigerator and the 
inventoriable balance of butter on consignment, as shown by the 
footing of the ‘“‘Balance on consignment’’ column of Form 2, the 
“Record of shipments on consignment.’ When necessary, inventories 
of cream, milk, and buttermilk may also be shown, but as a rule 
this is not done. ‘The addition of the several items of income result 
im a portrayal of the gross amount distributable. It will be noted that 
prepaid express, which is express on outbound products, is deducted 
from the income in order that the net value at the creamery may be 
shown. By deducting the various expense accounts from the gross 
amount distributable, the balance for distribution is ascertained. 
The balance for distribution is used as a basis for figuring the price 
per pound to be paid for butter fat. The figures representing the 
distribution to patrons are derived from the totals shown by the 
various columns of the patrons settlement sheet. Should the amount 
distributed not equal the balance for distribution there will be a sum 
left over, which is represented by the ‘‘Undistributed balance.” After 
the operating statement is completed, a journal entry should be made 
in conformity with the example shown below. (See also Form 6, 
pp. 29-31.) 


Dr. Cr. 
Butterfat purchased 4:4. 3-222) 422 35.22) Se ee ae $916. 15 
Gurrent/overdratis.s scan. gee ee ose cia Se ees - = 22 cio 5.10 
‘To patronsiaccounts payable: = 2 2. - 2, _- sae - -- ~~ 3. - ee $639. 40 
Butter, spatrons= oe. oat cats 4a er == = = oe 187. 60 
Cream, patrons........-- leo. Ut 2 Se aoe i cee ee 3.20 
Cottage cheese, “patrons ~= 222... a= > - ~~. 21 eee 1.35 
Supplies, ete., pakrons- 22. 22 --— [4 ee ia l= - = eee 4.90 
Hauling, patrons Sosa lee See a ee = = ~~ i 79.3 
Previous overdratts.- <2 2-5-0: 5-5. eae 2s 2 oe ee 3. 20 
Undistributed balance:: !.2 > 2+ 7. eae =, -.- 2-2 ee 6. 30 


(Credit to ‘‘Butter fat purchased” account.) 


It will be noted that butter fat purchased has a debit of $916.15 
which is the amount of the balance for distribution, and a credit of 
$6.30. The ‘‘Undistributed balance” is journalized and carried to 
the credit of the “‘ Butter fat purchased”’ account, in order that the 
account may show all transactions in butter fat which have taken 
place during the month. The credit item to this account represents 
the butter fat value which is undistributed and is therefore subject 
to distribution in the next month’s operation. It has been the 
custom in some creameries to hold the books open until a date in the 
succeeding month when sufficient cash was on hand to make payments 
to patrons. This practice has resulted m considerable confusion 
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through the predating of cash payments for butter-fat purchases. 
It is recommended therefore that the amount owed to patrons for 
butter fat be credited to ‘‘ Accounts payable patrons”’ as shown in the 
journal entry just given, in order that the books may be closed at as 
early a date as possible, thus assuring that the trial balance and the 
operating statement agree before actual cash payments are made. 
When the patron’s checks are made out, they should be charged to 
“Patrons accounts payable,’ thus closing the account. 


PATRON’S VOUCHER. 


Postings should be made to the patron’s voucher for all incoming 
products, as represented by the amounts entered on the cream and 
milk receiving sheets. The amounts to be deducted are derived 
from the patrons’ butter orders and from charges on account for 
hauling and sundries. After the price per pound has been ascertained, 
the value of butter fat for each patron computed, and the necessary 
deductions taken therefrom, the check may be made out and the 
voucher forwarded to the patron. In case the deductions exceed 
the amount due the patron, the check should be removed from the 
statement, and the statement should be mailed to the patron showing 
the amount of his overdraft. Such overdrafts should be noted in 
all cases on patrons’ vouchers under deductions for the next month. 


PATRON’S SETTLEMENT SHEET, 


The patron’s settlement sheet is a summary of all the credits and 
debits which have been shown upon the patrons’ vouchers. It 
shows the total pounds of skim milk and butter fat as well as the 
total deductions on account for various supplies and expenses charge- 
able to patrons. The price per pound which is to be paid for butter 
fat is ascertained by dividing the ‘‘Balance for distribution’’ by the 
total pounds of butter fat. Such a division frequently will give a 
quotient containing a large fraction and in such cases it usually is 
found convenient to use only the whole number as the price per 
pound rather than the actual figure as given by the division. Using 
this, the total payments to patrons necessarily will be less than the 
actual balance for distribution. The difference between the two 
represents the undistributed balance previously referred to under the 
discussion of the operating statement. The balances remaining after 
deducting the various expenses chargeable to patrons from the 
amounts to be distributed, represent the payments to be made by 
check, or in case the patron has overdrawn his account, the amount 
of his overdraft. Such overdrafts should be carried forward to the 
next month’s distribution sheet as deductions against the individual 
patrons to whom they are chargeable. As the debits and credits 
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should balance, it will be well to prove the sheet by summarizing the 
totals as in the followimg example. (See also Form No. 7, p. 32.) 


Butter taty | ise. ees $758. 60 | Payable by check patrons. ...-- $639. 40 
Skimymibles 2s eee qe eee 151)25;), Buse: patrons. 2.2222; 2 see 187. 60 
Current overdrafts. ...........- 5: 10: Gremmaespatrons: .....:-.. <a 3. 20 
(Forwarded to next settle- Cottage cheese,patrons......-.- 1.35 
ment sheet.) Supplies, etc., patrons.....-.--- 4.90 
Haniees. patrons....2.. sess 75. 30 

Previous overdrafts. .....22---: 3. 20 

(Ota scarce ate See ee 914. 95 otal .....-....:5e eee 914. 95 


\fter completing the summary, all items excepting those for 
butter fat and skim milk should be transferred to their proper posi- 
tion on the operating statement under ‘‘Distribution to patrons.” 


COMPUTATIONS. 


In ereameries where both skim-milk and butter fat are purchased 
and where the skim-milk purchases can be traced to specific patrens, 
the following computations may be found convenient: 

(1) When skim muik is purchased from certain patrons, the boek- 
keeper should determine what percentage of the gross amount dis- 
tributable is represented by the skim-milk sales and should then 
divide the ‘‘Balance for distribution” on that basis between butter- 
fat and skim-milk patrons. 

(2) To determine the price to be paid for butter fat, divide the 
amount distributable to butter-fat patrons by the total pounds of 
butter fat as shown on the patron’s settlement sheet. 

(3) To determine the price’ to be paid for skim milk, divide the 
amount distributable to skim-milk patrons by the total pounds of 
skim milk as shown on the patron’s settlement sheet. 

Formulas covering these computations are shown as an appendix 
to the operating statement. 


CHANGES NECESSARY UNDER PRIVATE MANAGEMENT. 


When this system of accounting is used in creameries operating 
under private management, it will not be necessary to make up the 
operating statement except as a statement of income and expenses 
for the information of the management. If the price of incoming 
products is ascertained in advance of the sale of manufactured 
products, no computations will be necessary on the patron’s settle- 
meat sheet, which would be contingent upon figures derivable from 
the operating statement. Individual preferences and methods of 
operating under private management may require other minor 
changes in the method and technique of bookkeeping as set forth 
for the operation of this system in cooperative creameries. 
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COST ACCOUNTING. 


In computing costs of operation, the figures shown on the operat- 
ing statement will be found adequate in most creameries. If the 
operations of a creamery include the manufacture of cottage cheese, 
casein, condensed milk, and other by-products, a cost sheet may be 
arranged which will show the income from these products and the 
expenses chargeable to them, together with the comparative per- 
centage ratio of expenses to income. Whether complete cost records 
are maintained or not, it is advisable that the management keep 
itself informed as to the comparative cost of operation in the different 
months, so that leaks or losses due to bad management may be quickly 
checked up and corrected before results disastrous to the prosperity 
of the creamery occur. The extent of cost accounting which may be 
necessary will always depend largely upon the magnitude and 
diversity of the operations carried on by the organization. 


CONCLUSION. 


In this bulletin are outlined briefly the accounting problems of 
country creameries and a system of accounts which may be adopted 
uniformly throughout this field of business. Supplementing the 
information contained herein, the Office of Markets and Rural 
Organization is prepared to furnish printers’ copy of the various forms 


comprising the system and in so far as practicable to render assist- 


ance through its representatives to creameries desirmg the installa- 
tion of the system. 
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Office of Markets and Rural Organization. Creamery System Form Ne. 8. 


BUTTER MAKER’S DAILY RECORD. 
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: Office of Markets and Rural Organization. 
: Creamery System Form No. 10. 
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Line of perforation. 


Office of Markets and Rural Organization. Creamery System Form No, 11. 
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Offica of Markets and Rural Organization. Creamery System Form No. 12. 
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Contribution from the Office of Farm Management. 
W. J. SPILLMAN, Chief. 


Washington, D.C. Vv July 9, 1917 


COST OF KEEPING FARM HORSES AND COST OF 
HORSE LABOR. 


A Study of Records for 316 Horses on 27 Farms in Illinois, Ohio, and New York. 
By M. R. Cooprr, Scientific Assistant. 
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Inasmuch as horses are the principal source of power on the average 
farm, the cost of horse labor is of vital concern to the farmer. Ithasa 
bearing on the net return of every farm enterprise, yet its significance 
is not likely to be appreciated fully by one who has not made a study 
of the subject. This, in large measure, is because the cost of horse 
labor, unlike that of hired-man labor, is chiefly made up of items of 

_ expense representing materials furnished by the farm and not involy- 
ing a direct cash outlay. 

The purpose of this bulletin is to show how the annual cost of keep- 
ing a farm work horse and the cost per hour worked may be deter- 
mined, and to point out that the cost per hour worked is the true 
measure of the profitableness of a horse to its owner. In other words, 
it is desired to emphasize the fact that, other things being equal, the 
horse that costs $100 a year in feed, shelter, etc., and works 1,000 

hours in that time, is more economical than the horse that costs but 
$75 for keep and works but 500 hours, since the former costs but 10 
cents per hour worked, while the latter costs 15 cents. 


Notre.—This bulletin should be of value to ali who are interested in the study of farm-management 
problems. 
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SOURCES OF DATA. 


The data presented herein were obtained from cost-accounting 
records for 316 horses on 27 farms in three States, namely, Illinois, 
Ohio, and New York. In Illinois and New York the data were ob- 
tained by the Office of Farm Management through direct cooperation 
with the farmers. The Ohio data were obtained in a like manner by 
the cooperative department of the Ohio Agricultural Experiment 
Station in cooperation with the Office of Farm Management. The 
cost records kept on these farms consisted of detailed daily reports of 
all labor and financial transactions, complete inventories, and other 
necessary information for determining not only the costs and returns 
of farm work horses, but also the costs of operation and returns from 
the entire farm business. (See Table 1.) 


TaBLe 1.—Sowrces of data. 


| Number | Number | Years for which aholal 
State. offarms | ofyearly| data were Rants 
| studied. | records. collected. encinded. 
if | i<o Sia 
MLM ODS See eee eR ses Sa eee SSE NE SEES [Se 10 | 18 | 1912-13-14____. 154 
OU Op Sas SESS SENS See ese SO ere ee eke ie ae tg | 7 16 | 1909-10-11-12._. he 
IN GW OL Kee St oS Se Sa ome ee goa eee ceye ese ce ee 10 | 18 | 1911-12-13-14._ 90 
MO Galas Shs 2 SRS EE Ae a EE 27 32. |. Stes eee 316 


In Illinois data were procured in the counties of Cass, Menard, 
and Sangamon. ‘The principal crops raised on the 10 farms studied 
were corn, oats, wheat, and hay. The live stock fed were hogs and 
cattle. _ 

The 7 farms in Ohio were located, respectively, in Coshocton, Madi- 
son, Adams, Crawford, Greene, Holmes, and Trumbull Counties. 
The principal crops raised on these farms were corn, oats, wheat, 
and hay. ‘The live stock fed were hogs and cattle. One farm varied 
from the others in that dairymg and trucking were carried on. 

The New York data were collected in the counties of Orleans, 
Wyoming, Genesee, Monroe, Niagara, and Seneca. The principal 
crops raised on the 10 farms visited were oats, wheat, beans, pota- 
toes, and hay. Orcharding also was carried on extensively. Little 
live stock was kept, with the exception that on one farm dairying 


was followed. 
SUMMARY OF COSTS. 


An itemized summary of the annual average cost per horse, and. 
the percentage each item of cost is of the total gross cost, for the 
horses studied in each State, will be found in Table 2. 
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TABLE 2.—Itemized summary of average annual costs and credits per horse, by States (27 
Jarms, 316 horses). 


GROSS COSTS. 


NT 7 E 
Item. Tlinois (154 horses).| Ohio (72 horses). RON 
Per cent. Per cent. Per cent. 
Meedvand!beddime Wells. ool kk s: $68. 75 65. 0 $76. 86 58. 8 $91. 25 57. 1 
OOS boo HESS b Soe ad rete eee oe ce aes 13. 99 13. 2 27. 48 21.0 22. 09 13.8 
INAIKGIRES ces Seen ca cetera aa ee ae 7. 90 7.4 8. 66 6.6 9. 43 5.9 
Siraloltinge. 5s Bae BG Sete a ten ei ene es 4.95 4.7 7.18 lis 12. 98 8.1 
USero neq Uijpmlentem sass ee Lu) NE an 3. 82 3.6 5. 00 3.8 5. 85 3h 7 
SHOU SN mere He Neb nm UN ee A ee . 86 of) 2.39 1.8 4. 56 2.9 
IDG ORCUZANONANE 5-5 4m Sees ne ee een 3. 46 Be OH (Pre tis ae ae ee Mcy ay yi lla 11. 56 (le? 
ENGTPLOSS(OMICONSHase ee sense ts ce eel eee ee. 04: | ees 1. 24 LAO aut es oN 
MNScellanGousie wrsteee case w cn s ee lo 2.12 2.0 1.90 ee) 2. 09 1B 
NOU SS a ue ie et 105. 89 100. 0 130. 67 100. 0 159. 81 100. 0 
CREDITS 
MENNGNA Ss sot babes ieee ee ase ee eee aeere Mae $5: 24) |) eae fNsh AO) ec sesh boc $13 730) |e eeeeee 
IBIAS Qo ontsoreNnoal |S oa gnecoeaaeeaeneeeoe Vosoe 2. .| ae 2010) Sse eeer aes eee [Pafete Setesineata 
Wola oie eet ee SE ais es ak aaa | Siete erste 2 a8 2 So |sassscoese 1543) Sie 
Motel acca dusk gee ee 5.24 | ie 10. 30 | cS TANTO eee 
| | 
NET COST. 
; ] 
Cost of keeping, less credits............---- $100::65; | aaeeeeeee | $120. 37 | Ones GR OP Io 


1 The item of bedding is included with feed, because on many farms straw was used both as a feed and 
as bedding, and owing to the fact that refuse from the mangers was used for bedding, it was contrary to 
actual practice to attempt to make bedding a separate item. 

The gross costs, made up of the items of feed and hedding, labor, 
interest, stabling, use of equipment, shoeing, depreciation, loss on 
colts, and miscellaneous charges, are partially offset by credits for 
manure, appreciation of young work horses, and profits on colts. 
The difference between the gross cost and the sum of these credits 
is the net cost of keeping a horse a year. This is, of course, the cost 
of the work performed by the horse. It will be seen that, with few 
exceptions, each item of cost was greater in Ohio than in Illinois, 
and still greater in New York.. This variation in average cost is 
discussed in the following analysis of the several items of cost and 
credit. 

FEED AND BEDDING.! 


The term ‘‘feed and bedding” includes all grain, roughage, and 
pasture used by horses. Accurate feed records are difficult to 
obtain, so that in determining the feed cost shown herein not only 
the feed records but also the yearly inventories of feeds and the 
amounts raised and purchased were all considered in arriving at the 
feed cost. : 


1 Jn the following pages, all references to feed include both feed and bedding. 
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Tn each State the feed and bedding costs were more than one-half 
of the total gross costs of keeping the horses. These costs were 
about $69 in Illinois, $77 in Ohio, and $91 in New York, varying 
according to kinds, quantities, and prices of feed and bedding used. 


KINDS OF FEED. 


The number of kinds of feed used were 11 in Illinois, 16 in Ohio, 
and 18 in New York. In all, there were 26 different kinds. Table 3 
shows the feeds used with the quantity and value of each per horse, 
by States. 


TaBLeE 3.—Kinds of feed used, average quantity, and value per horse, by States (27 farms, 
316 horses). 


| T > = 
Illinois (154 horses). Ohio (72 horses). Nee (90 
Kind of feed. neal 
Quan- | Cost per | ,2"2™_ | Cost per | ,_242™ | Cost per 
tity per horse tity per horse tiGy DEE horse 

| horse horse. : horse. : 

| 

| 
Corns Bess (ee eases bushels 57.20 $30.90 26.50 $16.12 10. 92 $8.36 
Oats Best eae ee eee So Ree ee eee doves 38524 13.17 53.10 22.20 42.58 19. 94 
1 By el Be ORS eats Re Cee are tons 77 9.32 2.09 27.44 3.28 43.47 
Siraweeien sec ches see sce ae eae do 1.06 5.58 76 3.43 1.38 7.04 
1D ks Wipe Sate cass SaanCureaoeeheeEese do 22 96 45 1.55 03 aly / 
IBS TAN See ee pees Geese re a . 5 
STORES Byers Soa sae ene 
Chophe ee sass eet eee 
Ground ifecd ae enesneee eo ee oe 
IWiheatae saa ess eee cates eee 
(RY CS nae Be een ee se he sed 
(Bale yee ae eee sere Oia ot elec 
PlOmUIN ye 22 eee es Bess Se ee 
QOilbmealth ees os ee ee eee 
Alfalfa meal... -- 
Cottonseed meal - 
Stockfood=s = 22 


Oat hay and sheaf oats- Bat el ; - : -O7 || eee aes 
Shesiinye = se: 2a fee : 

SOrgnumMees eee 
Bean pods. 
Silavesaes 


: - 06 
iPAStULe (ETASS) -3se se a - eee ee months. . 4.60 7.36 | 2.26 | 3.50 ia 1.50 
Pasture) (ceru’stalks) ccc) sees cee domes 33 E33 


Allisfeedssa- 2823 hee hap = ares Deen cae) hens ae ee 68.78 


The principal feeds used were corn, oats, hay, straw, and pasture. 
Tn Illinois these represented 97 per cent of the total feed cost. In the 
other two States this percentage was less, being 94.5 in Ohio and 88 
in New York. Corn was the principal grain fed in Illinois, oats in 
Ohio and New York. The greatest quantity of hay per horse was 
fed in New York, and the most pasture per horse was used in Ilnois. 

In Illinois very little horse feed was purchased, the concentrate 
ration being made up primarily of home-grown grains. Corn and 
oats, with few exceptions, were fed whole. On some farms hay was 
fed sparingly during idle periods of the year. Straw was used for 
bedding, and in some cases for feed during the winter months. From 
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about the middle of April to November the horses were out on grass 
pasture at night and through the day when not working. In some 
cases they were pastured on stalk fields after the corn was harvested. 

In Ohio a slightly greater quantity of feed per horse was purchased 
than in Illinois, and less pasture was used, thus necessitating the use 
of a greater quantity of hay, straw, and other roughage. Corn and 
oats were sometimes ground and mixed with other feeds that were 
bought. | 

In New York a still greater quantity of feed was bought. Often 
corn and oats were ground, and mixtures of these with purchased 
feeds were fed. On some farms horses were never pastured. In New 
York the average time per horse on pasture was 1.13 months, and in 
Ohio 2.26 months, as against 4.93 monthsin Illinois. The quantity of 
hay used increased as the time of pasture decreased. 


COST OF FEEDS. 


In Table 4 the feeds are divided into three classes, namely, grain, 
roughage, and pasture, by States. 


TABLE 4.—Average quantity and cost of grain, roughage, and pasture per horse, by 
States (27 farms, 816 horses). 


Illinois (154horses).| Olio (72 horses). nee (90 
Kind of feed. [ | 

Average | Average | Average | Average | Average | Average 

quantity | -cost per | quantity | cost per | quantity | cost per 

perhorse.) horse. |perhorse.| horse. |perhorse.| horse. 
(Caiebal ia SS ae epee er eee pounds. . 4,500 $44. 93 3,347 $40. 71 2,691 $38. 55 
HROUPMA PC ae craisiterelatejoes Sa cee eh pounds. . 4,224 16.13 6, 660 32. 65 9,513 51. 20 
JPESUING bed 6 sons oeas So OEce cena ees days. 148 7. 69 68 3. 50 34 1.50 

Magic ooao Job esct Ment eseee tea sais gee Gees Ae TONSOI Oe as 91. 25 


1 The item ‘“‘roughage’’ includes, along with hay, straw, etc., small amounts of succulent roughage, such 
as Silage and roots. 

Referring to the figures for the different States, it will be seen that 
the average total of grain per horse is less in Ohio and New York than 
in [Minois, while the average total of roughage per horse is greater. 
This is largely due to the greater relative cost of concentrated feed in 
the Hast. Thus the price of corn in New York, as compared 
with Illinois, is 42 per cent greater, and of oats 36 per cent greater, 
while the price of hay is only 9 per cent more in New York than in 
illinois. In Table 5 is shown the average price of each feed, by States. 


| 
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TABLE 5.—Average price of each feed, by States (27 farms, 316 horses). 


Tllinois Ohio New 
Kind of feed. (154 (72 York (90 
horses). | horses). | horses). 

Gorm see eset Nat Baloo etre eersasise ce cee eee ee oe CEE Ee eee bushel..| $0. 5403 $0. 608 $0. 766 
Oats ee se see Os oe eR eo cae ae esiee cise eee eee SMe eit sie <<: do...- 2 0445 -418 - 4684 
leo cere ppes aubepe bot secoudonaaege bdconss CeonsoGpo>- 520+ co 45eRenRe doze 
Sheafiryenteics: hha EA se aies Suibeeeec cena. eae hundredweight. - 
Barleyee-.-e- Sela cloths Sore eeis Se eis Se Re aia bushel. -}. 
Shorts Pad Soe hundredweighbt. -|. 
1 Beh Seah ee Seu EEIC IE Seca oe acne CORA EERES SEES c ot00 . SCE Sen Ree doze 
(CliO) eee san bed snosseorououSducspanasdadoduacuse dot Gre ssss5cas55Eeaue doveae|= 
Ground feeds jos yo) ess ae eae Ee So re ss eee cite doz:s- 
Oilmneal er ey, ee Bee eee ey ean Mee Sects oS ee ee ee ce dol==- 
Cottonseed mealiwcoe sok. 23s Looe aco a eas Se aces See ere oe do 
Alfalfa mealic isi cee SEIS rors De he AS ei ee enc So do 

OMIM Ys eee Seer sie ees Sie ares Srcteaye Se eae = 2 RSIS oho aac to) 
Wheat sa 22s eo She Soca SOO Se PEA tet eed bushel 
Potatoes. 2.25 eee RSs oe ee Ss oc eects ee 6 te) 
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PRICES OF FEEDS. 


The feed costs given in the foregoing tables are based on the values 
of feeds at the farm for feeds raised, and on actual cash costs for feeds - 
purchased. These costs for each year were governed somewhat by 
market prices, and the average value on each farm was influenced 
by the quality of the feed, and the relative quantity used at different 
prices. 

It will be seen that the average price per bushel of corn in Ohio was 
$0.067 higher than the average price in Illinois, and in New York 
$0.158 higher than in Ohio. Likewise, the average price per bushel 
of oats in Ohio was $0.074 higher than the average price in IIinois, 
and in New York $0.05 higher than in Ohio. The average price per 
ton of hay for Ohio was $0.98 higher than for Ilhnois and that for 
New York $0.13 higher than that for Ohio. 

A comparison of the variations in grain prices in the three States 
with figures from the Yearbooks of the U.S. Department of Agricul- 
ture for the years 1909, 1910, 1911, 1912, and 1913 shows .that in Ohio 
the average farm price per bushel of corn for three years was $0.046 
higher than in Tllinois, and in New York $0.12 higher than in Ohio. 
Also, these figures show that the average price per bushel of oats 
for these years was $0.029 higher m Ohio than in Illinois, and $0.084 
higher in New York than in Ohio. These variations are less than 
those shown by the figures used in this bulletin. This is partly due 
to the fact that the prices used im this bulletin are averages for a 
small number of farms, while those shown in the Yearbooks of the 
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U.S. Department of Agriculture are averages for each entire State. 
The grain prices shown in Table 5 are influenced also by the relative 
quantity of ground corn and oats used in the different States. 

It is evident that variation in feed prices had a marked influence 
on the total feed cost per horse in each State group. Aside from this, 
a study of individual farms shows that different feedmg practices 
also had a distinct bearing on the total feed cost per horse. On some 
farms practically the same kinds of grain and roughage were fed 
throughout the year, the quantities of each varying from month to 
month according to the amount of work done by the horse. On 
other farms, the grain fed was reduced, and pasture and cheap rough- 
age, such as straw, fodder, etc., were substituted for hay when the 
horses were not worked regularly. The fact that the cost of feed 
was more than half of the total cost of keeping a horse should show 
how important to every farmer is a careful consideration of this 
subject. 

MONTHLY FEED COSTS ON SELECTED FARMS. 

In Table 6 are shown the variations in monthly feed costs on three _ 
individual farms, one from each of the three States. It will be seen 
that on each farm the greatest monthly feed costs were for March, 
April, May, June, and July. For these months, this cost per horse 
was $7.47 in Illinois, $7.60 in Ohio, and $8.92 in New York; for the 
remaining seven months, the average monthly feed cost per horse 
was $3 less in Illinois, $1.47 less in Ohio, and $2.24 less in New York. 


TaBLE 6.— Variation in feed costs, by months, on three individual farms located, respec- 
tively, in Illinois, Ohio, and New York. 


+ eee hi New 
Month. Tllinois. Ohio. York. 

WTO 5 52 Sade 8 SASSI ONS cos Pe osha RE ce LO a $8. 68 $7.75 $7. 94 
ATO. SHC SSRs GOSS eS Ee SEE ee Ere ERR oS 5,5 ee 7.65 7.30 7.68 
IMs 0 o's ods SAS SE HERES EONS et ee =, 7 (Ne 7. 34 8. 42 10. 39 
JUS | ob 6 CLES BR SS aS SRO BASE eae te Sete Se ene eee C.-C ib aaa nae a ee 6. 66 7.30 10. 68 
UUW ood eos e oS SHS SOU a eR ere eee epee Loe ON aes 7.00 7.20 7. 93 
NOBUS. Soo don Gas eaaabBe eee ERO BOLO Tee AEE a Oete MEMES e025 oot Beane apes 4.70 6. 50 7.76 
SEW CCIM IDE Tyee teamed tay) sar ey Re WEL 2 5, een aia ee ae 4.58 6. 66 7.53 
OVGHOINCHS 2e Grkebade te a eee Se Ana ee OS ets RE. 2S 2 ich oe a 4.32 6. 29 6. 23 
INO WEALD Saad hrc iA es a es a geal ce aS | a a 4.67 5. 40 6. 22 
Decemillpe ney pests etast Re) ee eee 20 ol a eee MeL 4.40 5. 70 6. 56 
JARUBIPY 2. doobe Se bess eSee EME B Oa ee eH Oh oN Cee ae meMESE «= ide dacs dec aemeaes 4. 40 5. 94 6. 56 
TNSIOUREHIA He Be Oe eo er RN pe aes Tet ee Se Rc ct en 4.23 6. 42 5. 92 

ATOR so I | Na 5.72 6.74 | 7.62 


On this particular [linois farm the kinds of feed and the quantity 
of each varied considerably according to the work done by the 
horse. Especially is this true of the pasture which was used from 
April to November, when the horses were idle. In this State during 
December, January, and February corn fodder and straw were fed 
extensively in the place of hay. 

On the Ohio farm, from March to August the feeds used were 
corn, oats, bran, chop, and hay; from September to January corn 
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fodder was fed in the place of hay; a part of the time in February 
hay was again substituted for corn fodder. Straw was used for 
bedding only. - 

On the New York farm, corn, oats, rye, and hay were fed throughout 
the year. Greater quantities of these were fed durmg May and 
June, while from October to February there was a marked decrease 
in the quantities fed. As in Ohio, straw was used for bedding only. 


LABOR COSTS. 


“Tabor” includes the number of hours of both man and horse 
labor devoted to feeding and taking care of the horses, cleaning 
stalls, hauling feed and supplies, and to any other labor performed 
for the benefit of the horse. The hauling of manure from the barn 
and barnyards is not charged against the horses, but becomes a part 
of the manure cost charged to the crop on which it is applied. 


TABLE 7.—Number of hours, cost per hour, and total cost per horse of man and horse 
labor devoted to the care of horses, by States (27 farms, 316 horses). 


Illinois (154 horses). Ohio (72 horses). | New York (90 horses). 
Kind of labor. | | 
Cost | Cost : Cost | 
Hours. | per Tole | Hours.| _ per poe | Hours.| per | Hoial 
| hour. | ; hour. Teel hour. | SESE 
| ae hei 
Cents. | Cents. Cents. 
Manhtlaboretreas- pss coere res 85.2 | 14.95 | $12.7: 164. 6 16.00 | $26.34 | 127.3 16.40 $20.88 
IETOTSe aD OLAseeeeaee oar eee BEI 9. 56 1525 8.2 13. 90 1.14 | 8.5 14. 22 1.21 
To falls ses Shee) Ieee ee We cee = 13. 99 | Bee os [aperee3 27482) ee | a ae 22. 09 


Next after feed, labor was the highest item of cost in caring for the 
horse, varying from 13 to 21 per cent of the total cost im the three 
States. Of the labor cost, 94.3 per cent was for man labor. It will 
be seen that the man-labor cost on the Ohio farms was more than 
double the cost on those in Illinois, and that on the New York farms 
it was more than one and one-half times the cost in [linois. Or, in 
terms of hours, 85 man-hours per year were devoted on an average 
to the care of each horse in Ilhnois, while 127 and 165 hours, respec- - 
tively, were so devoted in New York and Ohio. 

A study of the data shows that on an average each horse in 
Illinois was pastured a greater number of days than in either of the 
other States, thus requiring comparatively less attention. On the 
Ohio and New York farms a number of horses were stabled through- 
out the entire year, and hence required more attention than those on 
the farms where pasture was used. It also shows that in Ohio the 
care of horses on some farms was very high as compared with data 
on other farms in the three States; hence the high average cost for 
the farms in this State. 
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The cost per hour of man labor, as determined from these cost- 
accounting investigations, was found to be 15 cents for the Illinois 
farms, 16 cents for those in Ohio, and 16.5 cents for those in New 
York. The proprietor’s labor was charged at the same rates. 

The cost per hour of horse labor was found by dividing the net 
cost of keeping the horses by the total number of hours worked by 
them. The average cost was about 94 cents for the Illinois farms, 
14 cents for those in Ohio, and 141 cents for those in New York. 


INTEREST ON VALUE OF HORSES. | 


Although interest is an indirect cost, it must be considered before 
the total cost of keeping can be determined. This interest cost was 
figured at 5 per cent of the average value of the horse as shown by 
the yearly inventories. In the three States studied, interest varied 
from an average of $7.90 in Illinois to $9.43 in New York. The aver- 
age values of the horses studied in this work were as follows: [h- 
nois, $158; Ohio, $173; New York, $189. 


STABLING COST. 


“Stabling cost’’ concerns that part of the buildings used for sta- 
bling horses and storing horse feed, and includes 5 per cent interest 
on the average investment, insurance, taxes, cash and labor, repairs, 
and depreciation. In cases where records were not kept for a long 
enough period to determine the depreciation of buildings, a charge 
of 2 per cent was made, allowance being made for all repairs that 
were made during the year. This cost varied from 4.7 per cent of 
the total gross cost of keeping in Ilinois to 8.1 per cent in New York. 


USE OF EQUIPMENT. 


This item of cost embraces a charge of 5 per cent interest on the 
average investment in harness and all miscellaneous equipment used 
by the horses, both cash and labor for repairs, insurance, taxes, and 
depreciation. Since this equipment is used by the horses alone, its 
entire cost should be charged to them. In Ilnois this cost was about 
$4 per head, and $1 and $2 higher in Ohio and New York, re- 
spectively. | 

SHOEING. 


This item of cost usually represents a direct outlay of cash. On 
many of the farms this expenditure was of minor importance, since 
the horses were not shod except when needed for heavy road work or 
when used on frozen ground. Especially was this true on the IIh- 
nois farms, where the average cost per horse was only $0.86 per year. 
On the Ohio and New York farms it was much higher, being $2.35 
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and $4.56, respectively, in these States. It is true that on many 
farms in each State the cost of shoeing individual horses was much 
greater than the above averages. The fact that on some farms little 
shoeing was done throughout the year, and on other farms practi- 
cally the only horses shod were one team for the winter months, 
would tend to cause a low average cost per horse for each State 


group. 
DEPRECIATION AND APPRECIATION. 


In determining depreciation and appreciation in value of horses 
a yearly inventory value was placed on each horse on the farm by 
careful appraisal and a record was kept of each horse bought or sold. 
In Illinois 11 of the 18 yearly farm records showed a net depreciation 
of horses. In Ohio 7 of the 16 yearly records showed a net depre- 
ciation, and in New York 16 of the 18 yearly records showed a net 
depreciation. 

The average net depreciation of the 316 horses was $4.50 per horse.t 
Of this amount $2.70 per horse was due to the death of 9 horses, valued 
at $855. Depreciation varied from $11.60 per horse in New York to 
an appreciation of $2.10 per horse in Ohio. 

Table 8 shows the percentage of horses that appreciated in value, 
the percentage that did not, and the factors influencing the aggregate 
depreciation or appreciation, by States. 


1 Bulletin 341 of this department shows that the average annual depreciation of horses on 378 farms studied 
in Chester County, Va., is $7 per head, and on 300 farms studied in Lenawee County, Mich., $7.10 per head. 
These figures are largely determined by the practice of farmers in disposing of horses while they are still 
salable at a fairly satisfactory price, and would undoubtedly be much greater if all farm horses were kept 
until their usefulness was at an end. 

Cornell University (N. Y.) bulletin 377 shows that the average annual depreciation of horses on 14 New 
York farms for the year 1912, andon 31 New York farms for 1913, was $14.03 and $12.10 per horse unit, 
respectively. Of the 45 farms studied, 12 showed an appreciation of horses. 

Minnesota extension bulletin 15, covering a period of four years, 1904 to 1907, inclusive, gives figures for 
farms studied in three different counties. In Rice County depreciation varied from $0.98 in 1905 to $15.48 in 
1904, averaging for the four years $5.56 per head. In Lyon County depreciation varied from $4.20 in 1905 
to $9.86 in 1904, averaging per year $6.94 per head. In Norman County depreciation varied from $2.60 in 
1907 to $7.37 in 1904, averaging per year $5.82 per head. 

It is pointed out in the text that depreciation of the horse is an expensive item to farmers who are not 
able to control this expense by means of clever selling methods and by the use of young horses. Shrewd 
selling, however, does not affect the general principal of depreciation, since thus the loss is passed on to the 
buyer. 

Minnesota experiment station bulletin 145 gives results of a further study of horse depreciation in the 
above-mentioned counties. Records for Rice County for the period 1908 to 1912, inclusive, shows a varia- 
tion in depreciation from $0.28 in 1910 to $5.10 in 1909, and an average per year of $3.05 per head. In Lyon 
County the study covers a period of 3 years, 1908 to 1910, inclusive. The depreciation varied from $1.47 in 
1910 to $5.60 in 1909, averaging per year $3.06 per head. In Norman County the work covered a period of 4 
years, 1908 to 1911, inclusive. The depreciation varied from $0.51 in 1910 to $3.42in 1911, averaging per year 
$1.48 per head. It is pointed out in this bulletin that the annual depreciation as shown above is not high 
enough to represent a proper average charge through a long term of years. Abnormal conditions in the 
Minnesota horse market were largely responsible for the low depreciation charge. 
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TaBLE 8.—Percentage of 316 horses that appreciated in value, percentage that did not 
appreciate, and the factors influencing the aggregate depreciation or appreciation, by 
Siates (27 farms, 316 horses). 


Percentage of 
horses that, 
showed— Number Number |Number | Number 

/Numbe 

| Number |Number | oF colts | of colts | colts 


State and number of horses. 
_| deaths, | Pousht.| sold. |rought.| sold. | fed. 


Tilinois (154 horses).........---. 18.75 | 81.25 | 3 21 21 Di eee tee 43 
Ohio (72 horses)......---------- 21.95 (8505))|.2 eee 9 17 2 1 7 
New York (90 horses) ......-.-.- 4.95 | 95.05 | 6 6 3 1 2 18 

The three States (316 horses).| 15.60 | 84.40 9 36 | 41 5 | 3 68 


On the Illinois and New York farms colts became work horses 
when from 24 to 4 years of age. The age of work horses that depre- 
ciated in value varied considerably, depending on their usage and 
care. The average age of work horses that appreciated in value was 
about 4 years. The average age of those that neither appreciated 
nor depreciated in value was about 8 years, and the average age of 
those that depreciated in value was about 11 years. In Ohio data 
showing the age of all the horses studied were not obtained; however, 
the data that were obtained along this line showed about the same 
results as those in Ihnois and New York. 

In Illinois about 19 per cent of the horses appreciated in value at 
the rate of $36.05 per head per year, while the average depreciation 
for the other 81 per cent was $12.55 per head. At this rate it will 
be seen that a $36 appreciation of one horse practically would offset 
the depreciation of three. others. Thus the appreciation of one 
horse out of every 5.34 kept resulted in an average net depreciation 
for all horses of but $3.46 per head. Of the 154 horses included in 
the records from this State 3 died, causing a loss of $350. In other 
words, the death loss was about 1 out of every 51. In considering 
the reason for the number of young horses on these farms and the 
low depreciation of work horses it was found that there was an 
average of one colt for every four work horses kept. Further, no colts 
were sold, all being developed into work horses, 11 becoming work 
horses during the time in which data were collected. It also will 
be seen that the same number of horses was bought as was sold. 
Three died and had to be replaced, and a part of the farmers enlarged 
their business, thus requiring more horses. With the continued 
raising and developing of colts into work horses, however, it is safe 
to say that ordinarily a greater number of young horses will be 
developed than will be needed in the farm business. 

On the Ohio farms about 22 per cent of the horses appreciated in 
value at the rate of $56.90 per head. The average depreciation of 
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the remaining 78 per cent was $13.30 per head. At this rate the 
appreciation of 1 horse would offset the depreciation of more than 4 
other horses. Thus the appreciation of 1 horse out of every 4.55 
resulted in an average net appreciation of $2.10 per head for the total 
number of horses. While no deaths occurred in this group, 2 horses 
were severely injured, entailing a loss of $175. 

On the Ohio farms there was an average of one colt for every 10 
work horses kept. This was about two-thirds less than on the Illinois 
farms, and yet the depreciation of horses was $5.56 per head less than 
in Iinois. By this it will be seen that the net appreciation of horses 
in Ohio was not so much due to the raising of young horses as in 
Hlinois. A study of the data shows that the reason for this was 
that on some farms a practice was made of buying young horses, 
and, after working them for a time, selling them at an increase in 


value. During the years this study was made 9 horses were bought 


and 17 were sold, 8 of the 17 having been on the farms at the time 
this work was begun. The horses bought and sold were mostly 
young draft stock, which accounts for the high appreciation of $56.90 
per horse. In following this practice, at times more horses were 
kept than were needed to do the farm work. Other data in this 
bulletin show that the average horse worked less hours per year 
on the Ohio farms than on the Illinois or New York farms. 

On the New York farms the relative number of horses that appre- 
ciated in value was a great deal less than in each of the other States— 
less than 5 per cent—at the rate of $44.40 per head. The deprecia- 
tion per head of the remaining 95 per cent was $14.48. At this rate, 
the appreciation of one horse would a little more than offset the de- 
preciation of three other horses. Thus, the average net depreciation 
was $11.56 for all horses. One reason for this depreciation being 
higher than in the other two States was a loss of $505 due to the 
death of 6 horses, or about 1 out of every 15. Thus, more than 484 
per cent of the total depreciation was due to deaths. The number 
of colts on these farms was less than in Illinois. For every work 
horse sold two were bought. It seems that these farmers have but 
recently started to replace the old horses by raising colts. 


PROFIT AND LOSS ON COLT ACCOUNT. 


In determining these items of loss or credit, young stock were con- 
sidered as colts from the time they were born until they were broken 
to work, The cost of keeping the colts on each farm was found by 
the same method followed in arriving at the cost of keeping work 
horses. This account was credited with the value of manure pro- 
duced by the colts and their appreciation in value. It was found 
that colts usually showed a good profit during the first and second 
years, and under favorable conditions broke about even for the third 
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year; that is, the increased cost of keep for the third year was not 
always covered by the increase in value. Of the 43 colts fed on the 
Illinois farms, 19 were born during the years this work was done. 
A loss of 4 cents per head on the Illinois farms was due to the deaths 
of 4 colts valued at $300. In Ohio the loss was higher, averag- 
ing $1.24 per head. Of the 7 colts fed, but 1 was born during the 
period of this work. On the New York farms the colts showed an 
average profit of $1.43 per head. No deaths occurred, and of the 
18 fed, 8 were born during the years of this work. 

Under favorable conditions the raising of colts is one way of keeping 
down the cost of horse labor. (See fig. 1.) 


Fic. 1.—Under favorable conditions the raising of coltsis one way of keeping down the cost of farm- 
horse labor. 


MISCELLANEOUS COSTS. 


“‘Miscellaneous costs,’”’ a minor item, embraces insurance, share of 
taxes, veterinary services and medicine, salt, etc. The average of 
these costs per head varied from $1.90 on the Ohio farms to $2.12 in 
Illinois. The cost in New York was about the same as that in 
Illinois. The amount expended for this group of items varies con- 
siderably on different farms. The variation is, however, in almost 
direct proportion to the amount expended for veterinary services. 


MANURE. 


Horses were credited with only the manure recovered from the 
stables and feed lot, which was valued at $1 per ton before removal. 
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The amount credited was determined by mears of the yearly inven- 
tories and a record of the number of tons hauled to the fields. 

On the Illinois farms the average manure credit was $5.24; in Ohio, 
$8.20; and in New York, $13.36 per horse. On individual farms 
there was a wide variation in the amount of horse manure actually 
saved. This variation is accounted for to a large extent by the 
individual practices of manure management, and the extent to 
which roughage was utilized for feed and bedding purposes. 

A study of the average manure credits and their relation to the 
average amounts of feed used per horse (pp. 3 and 5) shows that the 
average manure credit per horse is greatest in the States where the 
horses were fed the greatest quantities of grain and roughage and 
pastured the least number of days. 


VARIATIONS IN NET COSTS. 


In Tables 9, 10, and 11, the data for each State are divided into two 
groups with reference to net costs. The first group includes those 
years for which the net cost per horse was greater than the average 
for the State. The second group includes those years for which the 
net cost per horse was less than the average for the State. 


TaBLe 9.—Illinois farms—Itemized average costs and credits for records showing a net 
cost per horse above the average Jor the State, and for those showing a net cost per horse 
below the average + (10 farms, 154 horses). 


Depre-| Appre-| Colt Colt All 


| Feed | Labor | 7;~?: Manure 
Range of cost. | ciation | ciation} loss | profit | other : 
(cost). | (cost). | (egst). |(eredit).| (cost). |(credit,| (costs). |(Credit). 
Above the average cost..........-.--- $78.05 | $16.20 | $4. a HES ORe $3.:92):| S-2eeeee $21. 02 $5. 45 
Below the average cost....-..-------- ; 60.00 | 11.96 MOON eesti te a yeea | acts aca $3.38 | 18.43 5. 06 


Difteren come seu eeee ieee | 18.05 | GY) eee | 3.92 | 3038) |RaNs9 39 


1 Average net cost for the State, $100.65. 


One-half of the 18 yearly farm records showed a net cost greater 
than the average for all records. The average net cost for this 
croup was $118.22 per horse, while the average net cost for the 
nine yearly records with a cost less than the State average was 
$84.47, making a difference of $33.75. Of this difference, $18.05 
was for feed and $4.24 was for labor. From this it will be seen that 
the principal difference in cost in this State was for feed, though 
it naturally follows that a somewhat greater amount of labor will 
be required for the horses in handling the larger quantities of feed 
utilized by the better-fed group. The item of depreciation is $1.96 
per horse greater than for the low-cost group. The total death loss 
of $350 for all farms was in this group, and it is interesting to note 
that, had no deaths occurred, the depreciation would have been 
ereater in the low-cost group. In the high-cost group, thare was a 


COST OF KEEPING FARM HORSES. 15 


net loss of $3.92 per horse on the colt account, and in the low-cost 
group a net profit of $3.38 per horse. This makes a difference 
between the two groups of $7.30 per horse. The greater part of this 
is due to the death of four colts valued at $300. It will be seen that 
in addition to the loss of the colts themselves, there was the loss of 
all feed and attention furnished them. There was a slight difference 
of 39 cents in the manure credits in favor of the high-cost group. 


TaBLE 10.—Ohio farms—Itemized average costs and credits for records showing a net 
cost per horse above the average for the State, and for those showing a net cost per horse 
below the average ' (7 farms, 72 horses). 


| Depre-| Appre-| Colt | Colt | All 
as (ant ciation | ciation| loss | profit | othe Manure 


Range of cost. p i! 
* | (cost). |(credit).) (cost). |(credit).| (costs). (credit). 


Above the average cost............... $92.12 | $31.09 | $0.07 |.......- £92, 0 loaoooses $27. 25 $7. 16 


Below the average cost......-....-.-- 60.01 | 23..50 |.......- $42.50) |\-3 5522-2 $0. 34 | 22.57 9. 25 


Difference 2.2.25 o.5o5s eek 32.11 7.59 .07 4,50 2. 86 34 +. 78 2.19 


1 Average net cost per horse for the State, $120.37. 


Variations in costs between the two groups on the Ohio farms were 
found to be similar to those in Lllinois. One-half of the 16 yearly 
farm records showed a net cost greater than the average for all 
records. The average net cost per horse for this group was $146.33, 
while the average net cost per horse for the low-cost group of eight 
records was $91.89. The difference in cost between the two groups 
was $54.44, which is $20.69 greater than the difference in Illinois. 
Feed and labor made up $39.70, or 73 per cent of this difference. 
Here, as in Ithinois, it will be seen that these two items are the princi- 
pal factors controlling variations in cost on the average farm. While 
there was a slight depreciation per horse in the high-cost group, 
there was an appreciation of $4.50 in the low-cost group, making a 
difference in cost of $4.57 per horse. Similar conditions were found 
regarding loss and profit on the colt account; that is, the high-cost 
group showed an average colt-account loss of $2.86 per horse, while 
the low-cost group showed an average profit of 34 cents per horse 
on this account. The depreciation and appreciation of horses, and 
the loss and profit on colt accounts, are items worth considering 
when it is understood that these differences in cost between the two 
sroups were about $8 per horse. The difference in all other costs 
between the two groups was $4.78. This difference was largely due 
to the higher cost of interest, shoeing, medicine and veterinary 
services, stabling, and use of equipment in the high-cost group. 
Other items of cost, such as taxes, insurance, and miscellaneous, 
were about the same in each group. 

There was an average variation in manure credits of $2.19 per 
horse, the greatest credit appearing in the low-cost group. This 
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variation is probably caused by the greater quantities of cheaper 
roughage fed the horses in this group and due to the fact that the 
relative amount of manure actually saved varies considerably on 
different farms by reason of differing methods of manure management. 
TaBLE 11.—New York farms—Itemized average costs and credits for records showing a 


net cost per horse above the average for the State, and for those showing a net cost per 
horse below the average ! (10 farms, 90 horses). 


Depre- | Appre-| Colt Colt ll 
es Gen ciation | ciation | loss profit | other |Manure 


Range of cost. = 
(cost). | (credit).| (cost). | (credit).| (costs). (credit) 


Above the average cost.....--- $95.07 | $22.76) $13.65 ]......... $0514 |p eeeeee $38.54 | $12.60 
Below the average cost..------ 85. 66 21.08 64) ||Scesaeoua Eanpeeaee $3.70 29.64 14.50 


WiMerenCe sashes sees 9.41 1.68 Gp 113} || Saecaneee 14 3.70 8. 90 1.90 


1 Average net cost per horse for the State, $145.02. 


Variations in net costs between the two groups in New York were 
less than those in both Llinois and Ohio. Eleven of the 18 yearly 
farm records showed a cost per head greater than the average cost 
for all records. The average net cost per horse for these 18 records 
was $157.56, while the average per horse for the remaining 7 records 
was $126.70, making a difference between the two groups of $30.86. 
Of this difference $9.41, or less than one-third, was for feed. It 
will be seen by this that the cost of feeding horses in New York was 
more nearly uniform than it was in Illinois and Ohio. The differ- 
ence of $1.68 for labor also was less in this State. The difference in 
depreciation cost was $5.13. A small percentage of this was due to 
a greater loss from deaths in the first group. The high-cost group 
showed an average colt loss of 14 cents per horse, and the low-cost 
group showed an average colt profit of $3.70 per horse, a difference 
of $3.84. Thera were no deaths of colts in either group. The more 
colts were raised on the farms in the low-cost group. Colts also 
showed the cheaper cost of keep and the greater appreciation im 
value in this group. These items, depreciation and appreciation in 
the value of horses and loss and profit on colt accounts, were, like 
those for the Ohio farms, of considerable importance. The total 
difference in cost of these items between the two groups was $8.97 
per horse. The principal items under ‘‘all other costs” causing the 
difference of $8.90 per horse were interest, shoeing, stabling, and use 
of equipment. The difference in manure credits was less than $2. 
As on the Ohio farms, the credit was greater in the low-cost group. 


RELATION OF THE WORK PERFORMED TO THE TOTAL FEED COST. 


As previously shown, the greatest item of cost in keeping a farm 
work horse is for feed. The farmer who gets the maximum amount 
of work out of his horses, and at the same time has a low feed cost, 
is reasonably sure of obtaining horse labor at a low cost per hour. 


COST OF KEEPING FARM HORSES. a 


In order to show the relation existing, if any, between the total 
of work done by a horse and the total cost of feed, the yearly records 
for each State were divided into two groups with reference to the 
average total of work done per horse. (See Table 12.) The first 
eroup contains the data for those farms on which the horses worked 
more hours than the average for all records in that State. The 
second group contains data for those farms on which the hours 
worked per horse were less than the average for the State group. 


TaBLeE 12.—Relation of work done to the total feed cost, by States (27 farms, 316 horses). 


Illinois (154 horses— | Ohio (72 horses—aver- New York (90 horses— 
average hours worked So) hours worked average hours worked 
67). 


1,053) 1,020). 
Records with work hours eva Aswate. Never 
Pee Ouse age | Aver- | Aver-| age | Aver-| Aver- | age | Aver- | Aver- 
hours jage feedjage feed] hours jage feedjage feed] hours |age feed|age feed 
worked/|cost per|jcost perjworked|cost perjcost per/worked cost per|cost per 
per horse. | hour. per horse. | hour. per | horse. | hour. 
horse. horse. horse. 
Above the average!.......-. 1, 200 | $75.20 | $0.063 | 1,055 | $89.00 80. 084 | 1,172 | $97.30} $0.084 
Below the average 1_.......-- 880 | 67.30 -077 723 | 67.30 . 093 863 | 85.00 - 098 
Difference........---.- 320 7.90 . 014 332 | 21.70 - 009 309 | 12.30 . 014 


1 The number of records included are as follows: ‘‘ Above the average”’ in Illinois 8; in Ohio, 7; in New 
York 9. “Below the average” in Illinois 9; in Ohio 9; in New York 9. 


From this table it will be seen that the average feed cost per horse 
in each State group was greater for those horses that worked more 
hours than the average for the group, showing that there is a certain 
relation between the work done and the quantity of feed consumed per 
horse. Referring to the average feed cost per hour of labor, it will 
be seen that the excess in feed cost for the harder-working horses 
was more than offset by the extra number of hours worked by them, 
so that the average feed cost per hour of labor in this group was 
about 14 cents less on the Illinois and New York farms and about 
1 cent less on the Ohio farms. A further study of these factors, 
together with the relation of the total hours of labor worked to the total 
cost per hour of horse labor on all farms, is shown in fig. 2. Refer- 
ring to the lower line and each “X” in this graph, it will be seen that 
while there was a tendency for the feed cost per hour to decrease as 
the total hours worked increased, on different farms where the horses 
worked approximately the same number of hours, there was a wide 
variation in the average feed cost per hour of labor. 

This variation was especially noticeable in the case of those horses 
that worked from 800 to 900 hours per year. In this group the aver- 
age feed cost per hour varied on different farms from about 41 cents 
to 112 cents. On one farm in the group of horses that worked between 
500 and 600 hours, the feed cost per hour was 19 cents. This high 
cost was due to the fact that the horses were fed heavily on the best 
of feed throughout the year, though working but few hours per day. 
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On six farms where the horses worked from about 800 to 1,300 
hours per year, the average feed cost per hour was less than 5 cents. 
This low feed cost per hour was largely due to the judicious use of the 
cheaper grades of feed and pasture on the farm when the horses did 
light work or were idle, and to the high number of hours worked per 
day during the busy crop season when the horses were fed greater 
quantities and higher-priced feeds. These differences in the feed 
cost per hour indicate clearly that on many farms the importance 
of light and heavy feeding and the use of the cheaper feeds, according 
to the amount of work required, is not fully realized. 

Figure 2 further shows that on anaverage on the farms studied there 
was a fairly uniform difference between the average feed cost and the 
total cost per hour of horse labor, showing that the number of hours 
worked and the feed cost per horse are the controlling factors in 
the total cost per hour of horse labor. 
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FEED COSTMESS === TOTAL COST 
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Fic. 2. Relation of total hours worked to feed Cost and to total cost per hour of horse labor, for all 
arms. 


COST OF HORSE LABOR PER HOUR. 


The cost of horse labor per hour depends on the net cost yearly to 
keep a horse, and the total amount of work done. (See Table 13.) 


TaBueE 13.—Cost of horse labor per hour (27 farms, 316 horses). 


Average hours worked. 

Average | Average 

State. net cost | cost per 

Per Per Peron ae pour 4 

year. jweekday.| Sunday. UES | WALES 

| Cents. 

Min‘ ovs\(US4nOrses) specie eee treeless eee 1, 053 3.30 0.40 | $100.65 9.56 
Ohiol(/2ihorses) becesec cece eseeeeee eect eee eee 866 2.70 46 120. 37 13. 90 
INewa Vor (O0)Norses) see eee e ee eee 1,020 3. 24 | -13] 145.02 14, 22 


From the averages shown in Table 13 it will be seen that in all 
cases under consideration the average cost of horse labor is over 93 
cents (on the New York farms over 14 cents), while in no instance 
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does the average time worked per week day rise above 34 hours. It 
may be noted, as illustrative of the application of these figures, that 
if the New York and Ohio farmers concerned had hired their horses 
out at 10 cents per hour, and had failed to work them more than 1,020 
and 866 hours per year, respectively, they would have lost on each 
horse about 4 cents per hour worked. 

Of the various ways of keeping down the cost of horse labor, one 
of the best is to keep the horses busy (see fig. 3). 


Fic, 3.—Of the various ways of keeping down the cost of horse labor, one of the best is to keep the 
horses busy. 


LABOR PERFORMED, BY MONTHS. 


In figure 4 is shown the average work done per horse, by months, 
for each State group. 

Referring to this graph, the general importance of horse labor on 
these farms for May, June, and July will be seen. In each State very 
little labor was performed by the horses durmg January, February, 
and March. Thereafter the work mecreased until, during May, the 
maximum for any one month was reached. From then on to the end 
of the year there was a fairly uniform decrease in the hours worked per 
month. In New York and Illinois the increases in October and 
November are due to grain threshing and corn harvest. 

On the Ohio farms, with few exceptions, the average total of labor 
performed each month was less than on the Illinois and New York 
farms. Also, it will be noticed that durmg April, May, November, and 
December the horses on the Ilmois farms worked more hours per 
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horse than those in New York, while the horses on the New York 
farms did the greatest amount of work between June and November. 
[wan] Fee[MAR [APR] Mar [JUN] JOC TAUG]See [Oct [NOV [OEC] 


HORSE LABOR 
REGULAR 


——-——NEW YORK ——= ILLINOIS ewe OHIO 


Fig. 4. Average number of hours worked per horse, by months. 


Referring to figure 5, in which is shown the extra horse labor used 
on the farms studied, itis found that in Hiinois the greatest amount 
of extra horse labor was required during August. In Ohio and New 
York the greatest amount appears in October. This extra horse 
labor was usually exchange work among neighbors, the major part 
being used in grain threshing, corn harvest, and fall seeding. 


NUMBER OF IDLE WEEK DAYS PER YEAR. 


As previously shown, each horse worked approximately three and 
one-fourth hours per week day on an average throughout the year. 
There were, however, on all of the farms a few week days im every 
month when no horse labor was performed. (See Table 14.) In each 
State over 50 per cent of the total number of week days durmg which 
no horse labor was performed are found in the months of January, 
February, March, and December. For the remainder of the year the 
week days when no labor was perfermed varied for different months 


ee 


and in different States from about 1 day to 53? days per montn. 
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On 


an average the horses were idle the fewest days in Illinois and the 
most in New York. Weather conditions and the farming systems 
- followed were influencing factors in this variation from month to 


month. 
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Fig. 5.—Average number of total hours of extra horse labor employed, 
by months. 


TaBLE 14.—Average number of week days when no horse labor was performed, by months. 


PACTS Gees ier 
October... ... 


Illinois Ohio 


New York 
(10 farms). 


Month. (10 farms).| (7 farms). 
Pci Mouece ees CRUE ee 8.3 9.7 
Re Oe 5.8 7.0 
La eee RCO MO ct cen 7.0 6.8 
if eect aed ages RE Cn ny 27 4.6 
Ta RR On 5.0 2.9 
a ne aan eimai CO aE L1 2.5 
IG une iis)” ”*” | aameReI RE 1.2 31 
CC SO ROOM EIR 3.8 21 
OC NURS ieee PS 3.0 4.0 
RE hee Si OE 3.5 Ra 
Ve a OO Tc ke 1.9 3.5 
Dinesh) Geet Ge aun ic |” | Et: 51 7.6 
iS) a a reece dl 48.4 58.5 
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RELATION OF TOTAL CROP ACRES PER FARM TO CROP ACRES PER 
HORSE. 


It has been shown that on an average the feed cost and total cost 
per hour of horse labor on the farms studicd decreased as the number 
of hours worked per horse increased. The amount of work required 
per horse depends on the size of the business and the number of horses 
on the farm. On most of the farms included in this study the size of 
the business depended largely on the number of crop acres in the farm; 
that is, acres under cultivation. It is true that a great deal of horse 
labor other than crop labor was performed on these farms, but it is 
safe to say that in every case the horses required to tend the crops 
during the crop season could easily do all other necessary labor. 

The relation of crop acres per farm to crop acres per horse is shown 
in Table 15, by States. 


TABLE 15.—Relation of total crop acres per farm to crop acres per horse, by States (27 
jarms, 316 horses). 


Illinois (10 farms—_ | Ohio (7 farms— | New York (10 farms— 
javeragesize, 166 acres).| averagesize, 74acres).| average size, 94 acres). 
= | 
Farms | 
Average | Average | Average | Average | Average | Average 
per farm. | per horse.| perfarm. per horse. | per farm. | per horse. 
| | 
| Acres. Acres. Acres. Acres. Acres. | Acres. 
Farms above the average size... ---.| 230. 2 22.2 93.7 | 17.8 112. 74 20 
Farms below the average size. - -----| The 16.8 54.7 | i4.6 70. OF 7 
Mifference seco. ee eee 119.0 5.4 39.0 | 3.2 42.67 | 3 


From these figures it appears that the large farms permit of a more 
efficient use of horse labor than do the small farms. On the large 
farms in Illinois there were 22.2 acres in crops per horse, while on 
the small farms there were but 16.8 acres per horse. Similar results 
were found on both the Ohio and the New York farms, though in these 
States the difference between the two groups was not as great as in 
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OBJECTS OF THE WORK. 


Complete data on the feed cost of egg production for fowls kept on 
free range or on conditions somewhat similar to those existing on 
general farms are very limited. The main object of the experiments 
reported in this bulletin was to compare the results obtained through 
the use of simple rations and methods and to record the feed cost of 
egg production under these conditions. Only the feed costs are con- 
sidered, because most of the pens were on free range, scattered over 
a wide area to keep the fowls from mixing, which, with the keeping 
of records, weighing the eggs and grain, etc., involved much work 
which would be unnecessary under commercial conditions. Careful 
observations were made of the conditions which affect egg production, 
such as molting and broodiness, and detailed records were kept of the 
feed used and of the weight of the eggs. These experiments were 
started in the fall of 1912 with six pens of 30 pullets each. New pens 
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have been added each year subsequently, and the original pens are 
still being kept to study the effect of the feed and of the age of the 
fowls on egg production. The results secured in 16 pens, containing 
366 fowls, are given in this bulletin, including three complete years’ 
work of the first six pens. The work was conducted on the experi- 
mental farm of the Bureau of Animal Industry, near Beltsville, Md. 
Prices of individual grains in 1917 are from 20 to 100 per cent 
higher than the prices used in this bulletin, which should be care- 
fully considered in estimating the present cost of egg production. 


DESCRIPTION OF STOCK AND CONDITIONS. 


Most of the feeding tests were started with 30 standard-bred 
pullets, bred and reared on the farm under the same conditions, and 
selected for vigor, standard shape, and color. Some of the flocks 
consisted of fowls of one breed, while others contained more than one 
kind of pure-bred fowls of the general-purpose type in the same flock, 
including Barred Plymouth Rocks, White Wyandottes, Rhode 
Island Reds, and Buff Orpingtons (see Plates I to IV). Pens 10 to 
14, inclusive, also contained some cross-bred pullets. These flocks 
were housed in colony houses similar to those shown in Plates III and 
V. The house shown in Plate III is 10 feet long by 7 feet wide, and 
that in Plate V is 6 feet long by 5 feet wide; both houses are described 
in detail in Farmers’ Bulletin 574 of this department. <A better 
average result is secured by using 30 fowls in each pen than is ob- 
tained from smaller flocks, as the effect of any variation due to 
individuals is reduced greatly. Except three pens which were con- 
fined to good-sized yards, all the fowls were allowed free range over 
several acres of rough land, part of which is in woods and the rest is 
covered with grass and weeds. The soil is a heavy clay, which does 
not drain freely. 


TABLE 1.—Pens, rations, and conditions. 


Feed. 
Pen| Date experi- | Number 3 
No.| ment began. |of pullets. Breed. REDE: | 
Scratch mixture. Mash. 
1| Nov. 1,1912 30 | Rhode Island Reds..| Free range-.) 4 cracked corn, 4 } bran, + middlings, 
wheat, 4 oats. + corm meal, } 
beef serap. 
DN EE dorset 30 | 21. White Wyan-|..... Gl) SaSb0e 4 cracked corn, | Same as for Pen 1. 
dottes, 6 Buff Or- 4 wheat. 
pingtons, 3 Barred 
Plymouth Rocks. 
8}: |eoee Goseeeree 30 | 14 Buff Orpingtons, | Yarded-...-. Same as for Pen | Bran, middlings, 
16 Rhode Island 1 corn meal, and 
Reds. beef scrap, each 
in separate hop- 
pers. 
4/ Jan. 18,1913 30 | White Leghorns.....} Free range-.|..-.- dole. ocasere Same as for Pen 3. 
Bue Aes doen i 30 | 19 Barred Plymouth | Yarded..-.. ie do. Se 9 per cent bran, 9 
Rocks, 2 White per cent mid- 
Plymouth Rocks, dlings, 63 per 
6 Rhode Island cent corn meal, 
Reds, 3 Buff Or- 19 per cent beef 


pingtons. scrap. 
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TaBLE 1.—Pens, rations, and conditions—Continued. 


Date experi- | Number 


ment began. jofpullets. Breed. 


Feed. 


How kept. 


Seratch mixture. Mash. 


6 | Jan. 25,1913 30 | 11 Barred Plymouth 
Rocks, 1° White 


Plymouth Rock, 3 


White Orpingtons, 


3 Bufi Orpingtons, 
9 White Wyan- 
dottes, 3 Rhode 
Island Reds. 
30 
30 


Rocks, 2 White 
Plymouth Rocks, 
11 Buff Orping- 
tons, 8 Rhode Is- 
land Reds. 

Rhode Island 
Reds, 3 Crosses, 1 
Barred Plymouth 
Rock. 


Rhode Island 
Reds, 3 Crosses, 1 
Barred Plymouth 
Rock. 


10 | Nov. 1,1914 8) 4 


12 Rhede Island 
Reds, 2 Crosses, 1 
Barred Plymouth 
Rock. 

Rhode Island 
Reds, 6 Crosses, 3 
Barred Plymouth 
Rocks, 2 Buff Or- 
pingtons. 

Rhode Island 
Reds, 8 Crosses, 2 
Buff Orpingtons, 
2 Barred Ply- 
mouth Rocks. 

13 White Leghorns, 
ji Barred Ply- 
mouth Rocks. 

7 Barred Plymouth 
Rocks, 5 White 
Leghorns. 


13 | Jan. 19,1915 18 | 7 


Ie seoos do......- 18 | 6 


15 | Mar. 2,1915 24 


GH eee done eae 12 


Free range. .| 4+ 


White Leghorns... -- 
White Leghorns....- 


9 Barred Plymouth |.. 


cracked corn, 
i wheat, + oats, 
+ barley. 


Beef scrap and a 
mixture of equal 
parts corn meal 
and middlings in 
separate hoppers. 


Yarded...-.- Same as for Pen 1) Same as for Pen 3. 
Free range. .|....- GOs eees se 4 per cent bran, 4 
per cent mid- 
dlings, 66 per 


cent corn meal, 
26 per cent beef 
serap. 

MeN Omeetste seme! =12 (koisesaeanoos i bran,+ middlings, 
4 corn meal. 


3 parts bran, 1 part 
middlings, 2 
parts corn meal, 
3 parts cotton- 
seed meal. 

.| 2 parts bran, 1 part 
middlings, 2 
parts corn meal, 
4 part beef scrap, 
2 parts cotton- 
seed meal. 

Same as Pen 8. 


1 part bran, 1 part 
middlings, 2 
parts corn meal, 
1 part fish meal. 


1 part bran, 1 part 
middlings, 2 
parts corn meal, 
1 part beef scrap. 


Same as Pen 10. 


Same as Pen 11. 


All parts are by weight. 


METHODS OF FEEDING. 


The scratch mixture of whole or cracked grains was fed twice daily 
in 2 to 3 inches of straw litter on the floor of each pen, feeding 
about one-third of the grain in the morning and the rest at night. 
Hoppers containing a dry mash, or mixture of ground grains, were 


kept open before the fowls all the time. 


The amount of the scratch 


mixture was fixed during 1912 and 1913 so that the fowls ate about 


one-third mash and two-thirds grain. 


As there appeared to be a 


tendency for all the hens except the Leghorns to become too fat and 
not exercise enough under this method, the amount of scratch grains 
was reduced in 1914 so that the hens ate about equal parts of the 
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grains and of the mash. This is the method of feeding now being 
used and appears to be a good one to follow. Coarse grit and oyster 
shell were fed on the ground near the houses, and green feed was sup- 
plied to the pens not having free range. The pens were put into the 
experiment as soon as the pullets were mature, except Pens 13, 14, 
15, and 16, which were started on special tests some time after the 
pullets had matured and started to lay. The time of maturity 
materially affects the egg yields of fowls during their pullet year, and 
should be considered in comparing Pens 4, 5, and 6, in Table 2 (first 
year) with the other pens. The following regular records were kept 
for each pen: A daily record of the number and weight of the eggs; 
a weekly feed record of the grain, mash, and green feed; and a 
monthly record of the weight of each hen. All rations are by weight. 


TABLE 2.—Average egg yield and feed cost per hen, weight of eggs, ete. 


First YEAR, PENS 1 TO 6. 


Average | Average | Num- | Num- 


Average value of | weight ber ber 
Pen No. egg yield| Feed per hen. Feed pend ozen eggs per per times | hens 
per hen. 88S. hen over} dozen hens | died, 
feedcost.| eggs. |broody.| etc. 
Lbs Lbs. Cents Pounds 
TEA AG EOL ees oe 142.2 74 | $1.17 6.24 9. 89 $2. 86 1.58 56 4 
DS OES DELI ails 145.1 59 - 94 4.87 7.74 3.26 1.55 70 4 
Ofna aya State wis croeas eer 125.6 73 1.16 7.00 | 10.90 2.50 1.54 94 5 
SERN SENSE SN TU ras eS 137.8 55 . 87 4.68 7.34 2.72 1.42 0 5 
irises Hela teas es Mae 121.7 75 1.16 7.34 11.24 2.17 1.54 111 3 
GEE Te ie 118.0 81 133 8.10] 13.18 1.88 1.53 68 5 
Average......... 131.7 70 1.11 6.37 | 10.00 2.56 1553 67 4.3 
SECOND YEAR, PENS 1 TO 6 
Dara e Seevios eeteisjannin e\spriens 92.9 69 | $1.07 9.2 14.4 $1.25 1.65 46 7 
PADS eet oa Ses aa 78.2 59 95 9.2 14.6 1.08 1.59 44 3 
hee eee oem arenelecince 77.8 67 1.03 10.3 16.0 1.08 1.62 74 0 
CFs Diag ee eaten eet ae ae 115.9 54 85 5.6 8.7 2.18 1.50 4 3 
Oeieyainetstomistas ctoeisigecisiess 100.3 73 1.15 8.6 13.5 1.67 1.60 82 6 
Gace eee cece face 91.1 83 1.32 10.6 16.9 1.22 1.62 66 4 
Average......--. 92.7 68| 1.06| 8.9 | 14.0 1.41 | 1.60 62 3.8 
First YEAR, PENS 7 TO 9. 
Te re fap NE SE i 120.9 56 $0. 88 5.6 8.7 $2. 45 1.46 2 1 
Se Sea etic den ae 157.6 56 .88 4.2 6.7 3.41 1.47 7 4 
AHS SORES ORES Renee 90.0 61 . 88 8.2 17, 1.55 1.50 76 2 
Average.....-..- 122.8 58 .88 6.0 9.0 | 2.47 | S48 eee 2.3 
THIRD YEAR, PENS 1 TO 6 
LE ae ae a ei 71.4 82 $1.31 14.1 22.4 $0. 39 S76) 25 5 
Didters whee. ey Beet obi cons 59.4 75 1.23 16.0 26.0 wil 1.66 Px 3 
Bs ih ears as 2a Re a 59.9 65 -97 13.1 19.5 -65 1.61 47 {5 
eve estan Sailnet care etn 112.1 56 . 84 6.0 8.8 1.94 1.49 2 5 
OA Sale tg At Se Sa 82.9 76 1.19 11.0 17.2 +95 1.63 46 0 
Gi ee Se ha as een 2a 83.4 90 1.40 12.9 20.0 aA 1.62 32 1 
ASVOLAZe oe c8 5 78.2 74 1.16 1252 19.0 79 1.63 30 2 
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TABLE 2.—Average egg yield and field cost per hen, weight of eggs, etc.—Continued. 


SECOND YEAR, PENS 7 TO 9. 


Average | Average | Num- | Num- 


Average value of | weight ber ber 
Pen No. egg yield | Feed per hen. Feed per dozen eggs per per times | hens 
per hen. eB8S. hen over| dozen | hens | died, 
feedcost.| eggs. |broody.| ete. 
Lbs. Lbs. Cents Pounds 
U SER E eS SAC E eee ee 107.0 56} $0.84 6.2 9.4 $1.92 1.46 7 0 
SP RRR RAT ns RE | 151.8 59 93 4.7 7.5 2.81 1.52 1 5 
Qs eee aka eta ales 84.3 74 1.07 10.7 15.3 1.07 1.56 43 6 
First YEAR, PENS 10 TO 16 
LO ease ISSR eae nee 103.8 74 $1.10 9.0 13.4 $1.39 1.59 14 2 
Ili. Sedeeenene See SBGSnOS 102.3 69 1.01 7.9 11.9 1.53 1.56 6 2 
po NE Si np Sere ep 169.5 89 1.44 6.3 10.2 3.14 1.54 17 0 
TSO ROBO SOR Hen ae ae 145.4 68 1.02 5.6 8.5 2.96 1.51 36 0 
TY i ei SF Te aa Se ea 160.0 84 P32 6.2 9.7 3.03 1.47 22 2 
1S Ae Goo aeSuSC Oeeneaee 33.2 62 91 21.4 31.9 04 1.37 2 9 
al 3 Re BAIR RS SS ai aka ae 67.6 60 1.04 12.0 18.0 - 63 1.45 10 4 


This table is arranged consecutively according to the year that the experiment was conducted. 

The averages of pens 7 to 16 are not included because deficient rations were fed in several of these pens, 
making such averages of no value. 

Missing hens and those killed by hawks are included with the hens that died (last column of table) as 
follows: Second year, missing, one from Pen 1, two from Pen 2, one from Pen 4, and one from Pen 6; killed 
by hawks, one from Pen 4, and two from Pen 8; third year, missing or killed by hawks, two from Pen 4, 
three from Pen 8, two from Pen 9, one from Pen 10, four from Pen 15, and two from Pen 16. 

The cost of the green feed which’ was fed in the yarded pens (Nos. 3, 5, and 7) is not included in this table. 
It amounts to about 10 cents per hen, or 1 cent per dozen eggs (see p. 18). Allcosts throughout this bulletin 
are figured on the basis of feed only’ and do not include labor or any other items. 


The general-purpose breeds ate an average of about 70 pounds of 
both grain and mash per head in one year, while the Leghorns con- 
sumed about 55 pounds per head. On this basis, if their feed is regu- 
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Fig. 1.—Average egg yield and feed consumption per hen in Pen 8 for 
2 years by 4-week periods. (This necessitates repetition of month of 
May soas to make 13 periods in the year.) 


lated so that the hens will eat equal parts of scratch grains and of 
mash, 100 fowls of the general-purpose breeds should be fed about 
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9.5 pounds each of grain and of mash daily, and 100 Leghorns should 


recelve about 7.5 pounds of each. (See Table 3 for amount in 
quarts.) The amount of feed consumed varies considerably through- 
out the year, being greatest just preceding the period of highest egg 
production, but it does not vary absolutely with production either 
during one year or when one year is compared with another. (See 
fig. 1.) This latter fact is readily seen by comparing the average 
egg yield and total feed consumption in Pens 1 to 6 for their first and 
second years (see Table 2). The egg yield decreased about 30 per 
cent in their second year, while the feed consumption decreased only 
3 per cent. 

A fair grade of beef scrap with a guaranteed protein analysis of 50 
to 55 per cent, fat 12 to 13 per cent, and 1 to 3 per cent of fiber was 
used. The cracked corn was white, but the corn meal was ground 
from yellow corn. The prices of some of the grains were changed in 
April, 1913, to conform to the market price at that time. That price 
has since been used without change in figuring all the costs in this 
bulletin. Prices of individual grains in 1917 are from 20 to 100 per 
cent higher than the prices used in this bulletin. Present prices of 
grains should be compared to these prices in arriving at the present 
cost of producing eggs. 


TABLE 3.—Price and weight of grains. 


Price per 100 pounds.| Price per bushel. 
: Weight of 
Grain. Upto | After | Upto | After | 1 quart. 
April, April, April, April, 
1913. 1913. 1913. 1913. 
Lbs. | Oz. 
Cracked COP s.f2 cj... hosts so ok ee cee ee odes ee $1.30 $1. 20 $0. 73 $0. 67 1 12 
WA CS Geers ce ie crs icies ree At ele pn eerie eee tS ches 1.90 ey? 1.14 1.07 1 14 
Oats ek cece cic Sethe oe See Se Sis oe saree ae ais oe 1.60 1.34 ~ ol -43 HL esas 
Barley cc2c coe ccd cube se ee ogy 1.74 1.74 . 84 84 1 8 
Gornimeadl o.oo cca.s 2 kote dee se he ees 1.35 1.45 . 65 .70 1 8 
ASiLaW 212} re) once 9 a eee pe pees Fey nea nC Og eR, PY ae 1.40 1.40). =... O23 he| chee ae 10 
Wiheatmoaiddilingss. 28 lites cpeh eee sees Ime ate 1.45 LOY Mapes eae Bposbsccadsccssc 13 
Mishim eas. ase leas yas seek tke tants seca tice oo) = eee 2.30) | 2 ne ds eins. | see ERG Pee Eee lGeooee 
Beer scraps a. sess eee Re Byte ee. Soe 2.50 25650) oa. 2-5 -| Seen eee 1 5 
Cottonseed! meal... Pose eee Seas ren ars a aa | ee eee P85: | oecis oe. Wt oSeeo. ee eee eeeee 
Grits. fase Se 1 Sa es Ae tara cero areata ne . 60 i 0s Pen me) ee ees Po 
@yster Shel ee a ee ne ea teininete ee cek cee . 60 C0 Pee RSaees emsaacasa|lsoocsa|ofonce 


HENS BALANCING THEIR OWN RATIONS. 


The fowls in Pens 3, 4, and 7 had bran, middlings, corn meal, and 
beef scrap in separate hoppers before them all the time (see Table 1). 
Tables 4, 4a, 4b, and 4c show the proportion of these mash feeds 
eaten by these pens for each 4-week period. 


FEED COST OF EGG PRODUCTION. ml 


TABLE 4.—Percentage of mash feeds consumed each 4-week period (Pens 3 and 4, first year). 


Corn meal. Beef scrap. Bran. Middlings. 
Period. 
Pen 3. Pen 4. Pen 3. Pen 4, Pen 3. Pen 4. Pen 3. Pen 4. 
1912. Per cent.| Per cent.| Per cent.| Per cent.| Per cent.| Per cent. | Per cent.| Per cent. 
November........-.- DDE lesen te RW allaGuscasaod Gi, | Ssicicicis.sinie Qt alana 
December........---- (UAH eee eee 15. | peaeesoese AON eSGaocnaod DAG | See ae 
1913 

Jantianyzeeeeeceereee. 70 67 13 27 8 4 9 2 
February....-------- 72, 65 17 30 7 2 4 3 
Marchese ees 61 76 21 19 7 3 11 2 
JA pre eee oe 66 63 15 27 9 5 10 5 
Miayesien ieee cee ciais 67 65 23 26 4 4 6 5 
May een eee 64 63 20 25 10 6 6 6 
FUME Berean eae ae ae 50 67 19 25 16 6 15 2 
Ft at 49 54 24 29 13 10 14 7 
AWEOSbccoosasssesaue 55 54 22 33 9 6 13 7 
September......-..-- 60 57 21 29 10 7 9 Ul 
October.......-....-- 60 65 21 27 9 4 10 4 
November?.....-..-- (52) 65 (25) 19 (12) 8 (11) 8 
December......------ (71) 58 (18) 33 (3) 4 (8) 5 

Average...-...- 63 63. 7 19 27 9 4.9 9 4.4 


1 In this and other tables the year is divided into 13 periods of 4 weeks each, consequently the periods 
only represent in general the months indicated and thus it is necessary to show two periods in one month 
ane the year (May). The actual dates of these periods for each pen are given in the text following 
Table 4c. 

2 Figures in parentheses belong to the following year’s record and are inserted here to make the monthly 
comparisons complete; they are not included in the year’s average. 


TABLE 4a.—Percentage of mash feeds consumed each 4-week period (second year for Pens 3 
and 4, first year for Pen 7). 


Corn meal. Beef scrap. Bran. Middlings. 
Period. 
Pen | Pen | Pen | Pen } Pen } Pen | Pen | Pen | Pen | Pen} Pen | Pen 
3 4, ie 3: 4, 7. 3. 4. Uo 3. 4, te 
1913. P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P. ct. 
November......----------- 52 | (65) |2...-. Ne || (9) |locs6se 12 (i isasgas 11 8) aS aas: 
December...-..- Sone ae 71 | (58) | 55 18 | (33) | 34 3 (4) 5 8 3 6 
ATAU ATV ie eee eee shire 67 62 26 18 23 11 7 7 7 8 8 
February.......-.- DE nas sarees 63 71 18 24 21 5 6 3 7 7 5 
INO oS Oe eee Dae 64 73 16 23 18 7 9 5 7 4 4 
UAT ee ee ae 55 60 18 31 21 7 7 12 9 7 7 
WIEN ScocoobaoasSceenen eee 56 58 21 25 27 8 11 9 8 8 6 
WIEN OSS ober eCan sear aeeememe 44 52 20) 32 28 6 13 11 9 11 9 
UNIT Cleese eae eee sees. 57 54 21 PAL 27 7 8 11 7 8 9 
SS UL eee aE Baird s 57 57 19 25 25 9 10 9 8 8 9 
JATIBUSE ey ace eee aee aclle 64 59 17 24 25 7 6 7 6 6 9 
September. . 81 83 13 18 13 6 0 2 6 1 2 
October..... 90 82 8 9 15 3 0 3 7 1 0 
November. . 8 88 82 (7) | 11 15 (2) 1 2 (4) 0 1 
December..........-------- 91 | (92 (8) 7 (7) | (2) 1 (0) | (3) 1 (1) 
IASVICT AGE Ol aiesccale see eres 68 68 67 18 21 22 6 6 6 8 5 5 
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TaBLeE 4b.—Percentage of mash feeds consumed each 4-week period (third year for Pens 3 
and 4, second year for Pen 7). 


Corn meal. Beef scrap. Bran. -  Middlings. 
Period. | 
Pen | Pen |} Pen | Pen | Pen | Pen | Pen | Pen | Pen | Pen | Pen |} Pen 
Be ie 3: 4. 7 3e Us Se Ue 

1914. Pe cts Pict. | Ps ct \PP gia werctal| Peck: | P; ct. \-P. ct | Pacts | eRe chee acs ertcle 

INOvVieMmbenes sessceneees sere 87 | (88) | (82) Tee GUL) 9@15) 2 (1) | @) 4 (0) (1) 
December je sss2 cee eee 87 | (91) | 92 8 (7) 7 2 (1) 0 3 () 1 

1915 
Janvanyess Ha. eee eee 89 96 91 7 3 6 2 1 2 2 0 1 
February 2052525. See | 92 94 90 5 5 4 1 0 3 2 1 3 
March Oe ae Se Se ae as 87 97 88 4 3 8 2 0 2 7 0 2 
PATTIE ae ete a ee 82 87 88 6 6 fe) 6 3 2 6 4 1 
IM ay ete SEN ON RES ie 76 84 87 9 7 9 7 5 2 8 4 2 
IM ary: So, Sak eS AE eee 79 81 85 7 10 10 6 5 4 8 4 1 
VUNG Sees ee ae Me 82 85 80 6 8 13 6 4 i) 6 3 2 
HOU Neer a Ot: ie A ee eel fe ea 80 89 85 9 5 12 & 4 2 6 2 1 
FAUIPUISE Se oe te eee 83 88 82 a 3 13 5 6 2 5 3 3 
Septembersa.). 22 S27 Rene 87 89 87 5% 6 ll 4 3 1 4 2 1 
October sae a ra ee 74 97 85 14 3 11 4 0 3 8 0 1 
INOVem berets at se ee eee 95 SS ee 5 1} | ee 0 | 2a eae (ie | Beecee 
December. s2csos hee ee ee (oY sme] | ape aa Pe 2, S |loseess eaee 0 +... pS 1 eh Sere 
IAVOLOL Oe ee heen oe 84 91 86 7 5 10 4 2 2 5 2 2 
TABLE 4c.—Average percentage of mash feeds consumed each year. 
r Corn Beef Mid- 
Year. Pen. neals scrap. Bran. dlings. 


Per cent. | Per cent.| Per cent.| Per-cent. 
63 19 


3 
LOS erate scence cae eee eer eet eee een ees ee eee 4 63.7 27 4.9 4.4 
1914 Naess samara Sesto sae see aaa eee eee eee ot eee 3 68 18 6 8 
LCE Sano caNtooaee Gdeeseacsens sdocebuatoose Marae ccsz< 4 68 21 6 5 
LO VA etre misicisiecinnistelate ne nice cence ate tee ea ee eee 7 67 22 6 5 
1 Ee Sacehernetsne seacioee powers Hebpeedene Dns Mae Se Sons 3 84 7 4 5 
AON we eee arama eis eisai ciniciricehpeeisic eee eee es eee 4 91 5 2 2 
TO ie se oacar acsooaseodeee GqadoS 7boBeeenUAScdSReEbase-o56 atl 86 10 2 2 


All the records are based on 13 periods of 4 weeks each, into 
which each year is divided, This accounts for a repetition of May 
in these and other tables. The exact periods for the different pens 
were as follows: 


Pens 1, 2,and 3: 1, November 1 to 28; 2, November 29 to December 26;3, December 
27 to January 23; 4, January 24 to February 20; 5, February 21 to March 20; 6, March 
21 to April17; 7, April 18 to May 15; 8, May 16 to June 12; 9, June 13 to July 10; 10, 
July 11 to August 7; 11, August 8 toSeptember 4; 12, September 5 to October 2; 13, 
October 3 to October 31. The periods for Pens 4 and 5 begin January 18 and are as 
follows: 1, January 18 to ygotuary 14; 2, February 15 to March 14; 3, March 15 to 
April 11; 4, April 12 to May 9; 5, May 10 to June 6; 6, June 7 to July 4; 7, July 5 to 
August 1; 8, August 2 to August 29; 9, August 30 to September 26; 10, September 27 
to October 24; 11, October 25 to November 21; 12, November 22 to December 19; 13, 
December 20 to January 17. Pen 6 began January 25 and continued as follows: 
1, January 25 to February 21; 2, February 22 to March 21; 3, March 22 to April 18; 4, 
April 19 to May 16; 5, May 17 to June 18; 6, June 14 to July 11; 7, July 12 to August 
8; 8, August 9 to September 5; 9, September 6 to October 3; 10, October 4 to October 
31; 11, November 1 to November 28; 12, November 29 to December 26; 13, December 
27 to January 24. Pens7, 8, and 9 were entered in the experiment December, 1913, a 
year later than Pens 1 to 6, and their periodsareas follows: 1, December 1 to December 
28; 2, December 29 to January 25; 3, January 26 to February 22; 4, February 23 to 
March 22; 5, March 23 to April 19; 6, April 20 to May 17; 7, May 18 toJune14; 8, June 
15 to July 12; 9, July 13 to August 9; 10, August 10 to September 6; 11, September 7 
to October 4; 12, October 5 to November 1; 13, November 2 to November 30. 
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Fia. 1.—PeEN 2, MIXED PEN OF GENERAL-PuRPOSE BREEDS. 
On free range; fed a ration without oats. 


Fia. 2.—PEN 4, SINGLE-COMB WHITE LEGHORNS. 
On free range; allowed to select their own mash. 
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Fic. 1.—PEN 6, MIXED PEN OF GENERAL-PURPOSE BREEDS. 


On free range; fed a scratch mixture containing barley, and had beef scrap separate from the mash. 


Fia. 2.—PEN 7, WHITE LEGHORNS. 
Confined to yard; allowed to select their own mash. 
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two-thirds corn meal. 


ining 


PEN 8, SINGLE-ComB WHITE LEGHORNS. 


On free range; fed a mash conta 
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Fic. 1.—PEN 9, MIXED PEN OF .GENERAL-PURPOSE BREEDS. 
On free range; not fed any beef scrap. 


aeccnemanmentaieuameaiaces Lean ne acaet eomenainerammmmaneaamamemed 


Fic. 2.—PeEN 15, WHITE LEGHORNS AND BARRED PLYMOUTH ROCKS. 


On free range, fed one-third cottonseed meal in mash. 
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A study of Tables 4, 4a, 4b, and 4c, and the graphic representation 
in figure 2 shows a great variation in the proportions of the compo- 
nents of the mash consumed, especially in the corn meal and beef 
scrap. These percentages, if worked out on a weekly basis instead of 
for periods of four weeks, fail to show any constant relation between 
the percentage of either the corn meal or the beef scrap and the 
temperature or the egg production. The proportions of the grains 
- seem to be influenced materially by the differences in years, or else 
by different lots of feed, especially beef scrap. This is shown in 


Bog 


WAGs 


Fic. 2.—Hens balancing their own ration. Percentage of corn meal and beef scrap consumed in mash. 
(Bran and middlings were before the hens also, but only small quantities were consumed.) : 


the figure, where the curves for Pens 3 and 4 in 1913 are different 
from those in 1914, and the percentages in 1915 are very markedly 
different from those in either 1913 or 1914. 

The tendency to increase the percentage of corn meal and decrease 
that of beef scrap during the molting period is very uniformly marked 
in 1914 but is not so apparent in 1913. This is rather contrary to 
the practice of increasing the percentage of protein during the molt- 
ing period. The Leghorns ate a slightly larger proportion of beef 
scrap than did the general-purpose fowls, which difference was 
greater in 1913 than in 1914. The proportion of the grains eaten was 

93905°—Bull. 561—17——_2 
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also influenced by the quality of the grains, as the fowls apparently 
liked some lots of feed better than others, although the quality and 
condition of all the grains were good.. The average percentages for 
the different pens in both years are fairly uniform, as is shown in 
table 4c. 

The results show that hens will not eat too much beef scrap and 
that they can be allowed to select their own mash feeds. One thing 
emphasized in this work is the large percentage of corn meal, which 
is 2 to 3 times as much as is usually recommended in a mash. 
The large percentage of corn meal in this mash did not tend to make 
the hens too fat, as shown by the monthly weight records in Table 10. 
The health of the fowls was in no way adversely affected by the large 
percentage of corn meal in the mash. Pen 3 went through its entire 
second year (1913-14) without any sickness or deaths and was the 
only pen in which no mortality occurred during that year. Pen 5, 
which also had a large percentage of corn meal in the mash, went 
through the year 1915, when they were 3-year-old hens, without any 
deaths. 

The mash in Pen 5 was mixed according to the proportions eaten 
by Pen 3, as shown in Table 1. The mash originally contained 10 
per cent bran, 12 per cent middlings, 63 per cent corn meal, and 15 
per cent beef scrap, based on what Pen 3 was eating at that time. 
This was changed after Pen 3 had been in the experiment one year, 
using the average proportions for the year. Pen 5 laid as well as 
Pen 3 the first year, considering the difference in the time that the 
pens were started; and laid 22 more eggs per hen in 1914, producing 
eggs 2.5 cents per dozen cheaper. In 1915, Pen 5 laid 23 more eggs 
per hen than Pen 3 and produced eggs 2.3 cents per dozen cheaper. 
This difference in production durmg the second and third years is 
partly, if not entirely, due to the difference in time of year when 
these pens matured and started to lay. This is discussed more in 
detail on page 20. Pen 5 also received 12 per cent more beef scrap 
in 1915 than Pen 3, which tends to account for part of the increased 
production in the former pen. Pen 5 contaimed more broody hens 
in both 1913 and 1914 and the same number in 1915 as Pen 3. 

The mash in Pen 8 was mixed according to the proportions eaten 
by Pen 4. Pen 8 laid 36.7 more eggs per hen than Pen 7 and pro- 
duced eggs 2 cents per dozen cheaper in 1914, while in 1915 Pen 8 
laid 44.8 more eggs per hen and produced eggs 1.9 cents per dozen 
cheaper than Pen 7. Pens 7 and 8 were started at the same time, 
but Pen 7 and Pen 4 were allowed to balance their own rations. 
Pen 7 was.confined to a yard while Pens 4 and 8 were on free range. 
The effect of free range on egg production is discussed on page 16. 
Pen 8 received about 4 per cent more beef scrap than Pen 7 m 1914 
and about 16 per cent more in 1915 and produced the highest 
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average egg yield (158) up to that time in these feeding experiments. 
This increased percentage of beef scrap in 1915 undoubtedly accounts 
partly for the increased production in Pen 8. The conclusion to be 
drawn from Pens 5 and 8, in which the mash was mixed as selected 
by the hens in Pens 3, 4, and 7, is that just as good results if not better 
are secured where a fixed mash is used throughout the year as where 
each mash constitutent is fed separately. 


FEEDING VALUE OF POULTRY FEEDS. 
THE VALUE OF OATS. 


Pens 1 and 2 were fed alike (see Table 1) except that the oats 
were left out of the scratch ration in Pen 2. The egg yield was about 
the same in these pens the first year, but Pen 2 ate considerably less 
feed. Both pens were on free range. Pen 1 laid about 15 more eggs 
per hen than Pen 2 during their second year, but the feed cost of egg 
production was about the same (see Table 2). In their third year 
Pen 1 laid 12 more eggs per hen than Pen 2 and produced eggs 4 cents 
per dozen cheaper. The average cost of the eggs for three years is 
slightly m1 favor of Pen 1, but this difference is less than 1 cent per 
dozen and may not be entirely due to the difference in rations. 
The mortality in Pen 1 during the second year, although considerably 
sreater than m Pen 2, was apparently due to the difference in the 
fowls and not to the feed. 

Leaving the oats out of the scratch mixture in Pen 2 mcreased 
the cost of the mixture 6 cents per 100 pounds. The hens in Pen 2 
tended to get overfat, which may be partly due to the larger propor- 
tion of corn in the scratch mixture, but was also affected by the 
breed of fowls, as discussed on page 36. With the mixture con- 
taining oats cheaper than one without this grain, there does not 
appear to be any reason for leaving it out of the ration, and the oats 
add variety to the feed. If the cost of a pound of oats should increase 
out of proportion to corn and wheat, a ration without oats would give 
good results. 
THE VALUE OF BEEF SCRAP OR ANIMAL PROTEIN. 


Pen 9 was fed a ration without beef scrap (see Table 1) to determine 
what results would be secured from fowls kept on free range and fed 
a standard ration with the animal protem (beef scrap) left out and not 
replaced by vegetable protein. This pen had an unlimited range in 
woods containing a brook which supplied bugs and is perhaps in 
many ways directly comparable to conditions on general farms, 
where beef scrap or any other material furnishing animal protein 
is not generally fed. 

The fowls in this pen were in good breeding condition, or slightly 
thin, throughout the experiment, as opposed to the slight tendency 
to become overfat noted in nearly all other pens of general-purpose 
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fowls. The monthly average weight of the hens in this pen was 
5.03 pounds, compared to 5.82 pounds in the other general-purpose 
pens during their first year, and 5.58 pounds, compared with 6.26 
for these pens during their second year (see Table 10). These fowls 
were always hungry and busy scratching, wandering a considerable 
distance from their house to scratch in the leaves and on the banks 
of the brook. 

Feather eating developed in this pen and the fowls picked the 
feathers from the neck of the male. This vice was apparently 
stopped by keeping salt pork before the birds until the male’s neck 
was healed and covered with new feathers. A slight tendency toward 
this habit was noted in this pen throughout the year, but was not 
serious enough to warrant preventive measures except during the 
month of October, 1914. Feather picking did not develop in any 
of the other feeding pens, showing that the use of a good ration con- 
taining beef scrap practically prevents this vice among fowls kept 
under ordinary conditions. 

The average feed consumed per hen in Pen 9 (see Table 2) was 61 
pounds, which cost 88 cents, against an average consumption of 69 
pounds which cost $1.09, for Pens 1, 2, and 3 in 1913. The amount 
of feed increased to 74 pounds during the second year and cost $1.10, 
compared with 65 pounds in Pens 1, 2, and 3, which cost $1.02. The 
average feed cost of a dozen eggs in Pen 9 during the first year was 
11.7 cents against 9.51 cents in Pens 1, 2, and 3 (1913), and it was 
15.3 cents the second year against 15 cents for Pens 1, 2, and 3. It 
took 8.2 pounds of feed to make a dozen eggs in Pen 9 the first year 
against 6.04 pounds in Pens 1, 2, and 3, and 10.7 against 9.6 pounds 
the second year. 

The average egg yield in Pen 9 was 90 eggs compared with 137.6 
eggs for Pens'1, 2, and 3 during 1913, and 84.3 against 83 in the second 
year. The 2-year average annual production in Pen 9 was 87.1 eggs 
against 110.2 eggs in the beef-scrap pens. The 2-year average cost 
of a dozen eggs was 13.5 cents in Pen 9 against 12.2 in Pens 1, 2, and 
3. Pen 9 did not lay well during the winter and practically stopped 
laying whenever the ground was covered with snow (see Table 6). 
This affected the value of the eggs materially. Pen 9 was started 
December 1, while Pens 1, 2, and 3 were put into the experiments 
November 1, so that the difference in results between these pens is 
somewhat greater than it would have been if all the pens had started 
to lay in the same month. 

The average weight of a dozen eggs for the first year in Pen 9 was 
1.50 pounds against an average of 1.56 pounds for Pens 1, 2, and 3, 
and 1.56 against 1.62 during the second year. The mortality in Pen 9 
was 2 hens compared with an average of 4.3 in Pens 1 to 6 during 
the first year, but was 4 dead from natural causes in the second year, 
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and 2 killed by the other hens picking and eating their flesh, 
against 3.3 dead from natural causes in the other pens. The picking 
was due to the lack of beef scrap or other animal-protein feed. It 
would not appear that the beef scrap affected the mortality from 
natural causes in these experiments. No tests were made of the eggs 
from this pen used for hatching, but of the eggs hatched no differences 
in fertility or hatchability were noted between this pen and those 
fed beef scrap. 

A study of the results shows that beef scrap or some other animal 
protein, even with fowls on a good range, was an economical feed 
and that its use materially increased egg production and the market 
value of the eggs. This is especially true during the first year’s pro- 
duction, which was very materially stimulated by the beef scrap; 
the second year’s results were about equal in the beef scrap and no 
beef scrap pens. The difference in egg yield: would probably be 
greater with fowls confined to yards. Beef scrap and fish meal 
appear to be the only feeds in these rations which very materially 
affect the egg yield. The variation in the proportions of the other 
feeds, or even the omission of any one of them, does not appear to 
affect the egg yield as greatly as do these feeds. 


COTTONSEED MEAL. 


Cottonseed meal is more readily available and is cheaper, especially 
in the South, than beef scrap. This meal has a high protein content, 
and if it would give as efficient results considering its relative protein 
content, it would be a more economical feed than beef scrap. Pens 
10 and 11 were started in November, 1914, on rations containing 
cottonseed meal. Their mash (see Table 1) was composed of about 
one-third cottonseed meal, and the protein content equaled that 
of Pen 12, which was fed beef scrap in place of cottonseed meal 
and used as a check pen. A small amount (about 3.5 per cent) 
of beef scrap was included in the mash in Pen 11 to see if this 
amount would supply the mineral matter which might be lacking 
in the cottonseed meal and make the use of the meal more efficient. 
The total cottonseed meal in the entire ration of Pens 10 and 11 
was about 13 per cent, and about 15 per cent in Pen 15. Pens 
15 and 16 were started in March, 1915, on rations similar to those 
used in Pens 10 and 11, respectively. The method of feeding was 
similar to that used in the other pens except that it was practically 
impossible to get the hens fed cottonseed meal to eat enough mash 
so that half mash and half scratch grains could be fed. The hens 
were always hungry and were very thin, so that it seemed advisable 
to feed a larger proportion of scratch grains. The average weights 
of these hens, as shown in Table 10, were very low, Pens 10 and 11 
averaging throughout the year a pound less per hen than Pen 12. 
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The weights of the hens in all of the cottonseed pens were far below 
those of hens of the same breeds in beef-scrap pens. 

These pens were all on free range and thus were able to secure 
considerable feed from the range. Several times during the year 
the hens in Pens 10, 11, and 16 were found to be going to other 
feeding pens and eating their mash. Their ration apparently was 
deficient in some desired element, so that they would go long dis- 
tances to secure other feed. This mixing at least partly accounts 
for the variable results secured in these pens. 

The results with the cottonseed meal, as shown in Table 2, first year, 
pens 10 to 16, were not satisfactory. Pen 12,fed beef scrap, laid about 
66.5 more eggs per hen, produced eggs 2.4 cents per dozen cheaper, 
and gave a profit over feed cost $1.68 per hen greater than in Pens 
10 and 11. The results in Pens 15 and 16 were even more decisive 
against the use of cottonseed meal as an economical feed, Pen 15 
averaging only 33.2 eggs per hen during the year and showing a 
net loss over feed cost alone of 4 cents per hen for the year. The 
feed cost of eggs in this pen was 31.9 cents per dozen. The hens 
fed cottonseed meal also failed to lay many eggs during the winter, 
and those produced in two of these pens (Nos. 15 and 16) were 
small (see weight of eggs in Table 5b). 

In addition to proving an uneconomical feed, the cottonseed meal 
affected the appearance and firmness of the eggs, making a con- 
siderable percentage of them unmarketable. (See Pl. VII.) Dark- 
ereenish spots of varying sizes were produced on the yolks of the 
eggs, while the contents in most cases lacked firmness and they 
would not poach lke eggs produced from beef-scrap rations. Dur- 
ing warm weather about half of these eggs were classed as unfit 
for food as judged by appearance, although no disagreeable effects 
were noted from eating eggs discolored in this manner. During cool 
and cold weather the quality of these eggs was considerably better 
than in warm weather. 

Comparing the cottonseed pens (Nos. 10 and 15) with those fed 
about 3.5 per cent of beef scrap in the mash in addition to the 
cottonseed meal (Nos. 11 and 16), the results were inconsistent, 
owing at least partly to the fowls mixing. The egg yield in Pens 
10 and 11 was about the same, but Pen 16, fed this small amount 
of beef scrap, laid twice as many eggs as Pen 15, which was without — 
any beef scrap. No material difference was noted in the quality 
of the eggs from any of the pens. The egg yield and quality of 
eggs in all these pens were unsatisfactory, and cottonseed meal, either 
with or without a very small percentage of beef scrap, is not an eco- 
nomical feed for poultry. It is possible that a part (perhaps half) 
of the beef scrap could be replaced by cottonseed meal to better 
advantage. 
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Fish meal, a by-product of the menhaden industry, was used to 
replace beef scrap in the ration of Pen 13, in comparison with Pen 
14, a check pen receiving beef scrap. The mash in Pen 13 con- 
tained 20 per cent fish meal, while that of Pen 14 contained the 
same percentage of beef scrap. (See Table 1.) The fish meal was 
given an estimated value of $46 per ton, at which price ($7 per 
ton cheaper than beef scrap) the fish meal proved a good substitute 
for beef scrap and an economical feed. The protein in the fish 
meal appeared to be as efficient as that in the beef scrap, considering 
the relative composition of the feeds. 

No abnormal effects were noted in the size,.taste, or quality of 
the eggs from the pen fed fish meal. The fowls in both pens kept 
in good condition and the mortality was low. Both pens were on. 
free range, but the range of the fish-meal pen was largely in grass 
while the beef-scrap pen ranged in the woods where there was not 
any greensward. This difference in range would be slightly in 
favor of the fish-meal pen. This experiment did not begin until 
the middle of January, and the egg production in both of these 
pens was very good for pullets started at that time of the year. 
Hach pen contained 18 pullets. 

The egg yield per hen on beef scrap was 160, compared with 145.4 
on fish meal, but the latter pen produced eggs at 8.5 cents per dozen, 
while the eggs from the former pen (beef scrap) cost 9.7 cents. The 
profit per hen over feed cost was about equal, being 7 cents greater 
in the beef-scrap pen (see Table 2). The beef scrap was about 6 
per cent higher in digestible crude protein than the fish meal (see 
Table 12), so about one-tenth more fish meal than beef scrap might 
be fed to advantage in the mash to make the protein content equal. 
Both fish meal and fish scrap may also be fed with beef scrap with 
excellent results, replacing about half of the beef scrap with the 
fish product. 


VALUE OF GROUND GRAINS. 


Pen 6 was started on a ration (see Table 1) of scratch grains, with 
beef scrap before the hens all the time. No dry mash of ground 
grains was fed; the object being to compare the effect and value of the 
' mash in the ration. The hens ate the beef scrap freely, but constant 
diarrhea developed in the pen, so that it appeared advisable to keep 
a mixture of equal parts of corn meal and middlings before the hens, 
which largely checked this evil. The birds were given all the scratch 
grains they would clean up and ate 16 per cent of mash in 1913, 
26 per cent in 1914, and 27 per cent in 1915. The percentage of 
beef scrap in the total ration in this pen beginning in January, for 
4-week periods, was as follows: In 1913: 14, 13, 8, 16, 11, 4, 4, 2, 2, 
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4,11, 6, and 6. In 1914:.10,40; 1098, 8, 11, 8, 6; 8, 6, 2; 4eamdis: 
In 1915: 6, 4, 5, 3; 7; 4,.4, 5,4; 3,;¢) 7, and 5. Barley’ was: ded! in 
this grain mixture (see.Table 1). 

Pens 5 and 6 were started in January at about the same time and 
their egg yields the first year were practically equal, but the hens in 
Pen 6 consumed 6 pounds more of feed per hen, at an additional cost 
of 17 cents, while it took 0.76 pounds more of feed to produce a 
dozen eggs, costing 1.94 cents more per dozen. The hens in Pen 6 
during their second year ate 10 pounds more of feed than those in 
Pen 5, costing 17 cents more per hen, while it took 2 pounds more of 
feed to produce a dozen eggs, costing 3.4 cents more per dozen. 
In the third year these two pens produced about the same number of 
eggs, but Pen 5 ate 14 pounds less of grain perhen. Pen 5 produced 
eggs 2.8 cents per dozen cheaper that year than Pen 6, and the profit 
per hen over feed cost was 24 cents greater. Pen 6 had the advantage 
of being on free range, while Pen 5 was confined to yards, and the 
latter pen contained a much larger number of broody hens than 
Pen 6. This ration and method of feeding kept the hens too fat 
(Pen 6), as shown in Table 10. The hens ate the barley freely, and 
this grain appears to be a good feed to use if cheaper than wheat or 
to add variety to the ration. However, the comparative value of 
barley and wheat is not in any way determined by this experiment. 

This ration and method of feeding appears to be less desirable 
than any other in which beef scrap was used. The hens in Pen 6 
ate more grain than any other pen, had the highest feed cost, pro- 
duced eggs at the greatest cost per dozen compared with the other 
pens started at the same time, and were overfat. Regulating the 
proportions of mash and scratch grains to about equal parts of each 
keeps the fowls in better condition than where only a small pro- 
portion of mash is fed. Mortality does not appear to be materially 
influenced by the relative proportions of scratch grains and mash in 
the ration, if the percentage of beef scrap is not materially changed. 
A ration including a mash containing beef scrap, or with the beef 
scrap fed separately, makes a cheaper and better ration than one 
without the mash, even though the beef scrap is supplied. 


FREE RANGE COMPARED WITH LARGE YARDS. 


All pens except Nos. 3, 5, and 7 had free range, while these pens 
were confined to large yards (see Table 1). However, other changes 
besides the range enter into a comparison of these pens with the range 
pens, making it hard to draw definite conclusions, but the evidence 
points strongly to better egg yield and other results on free range, 
especially with Leghorns. The greatest difference due perhaps to 
free range is noted in Pen 8, in which during their first year 36 more 
eggs per hen were laid than in Pen 7, while in their second year the 
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Fic. 1.—COLONY GROWING House USED AT GOVERNMENT POULTRY FARM, 
BELTSVILLE, MD. i 


Fila. 2.—INTERIOR OF COLONY HOUSE SHOWN IN PLATE III. 


Showing litter on floor, dropping boards, roosts, and nests. 


PLATE VI. 
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Fia. 1.—AVERAGE RESULTS IN PEN 1 (RHODE ISLAND REDS) DURING PULLET YEAR. 


Sn nn ae] 


ONE TRAY OF OATS ON TOP OF CASE READY TO BE FED. 


Fic. 2.—OATS SPROUTER. 
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Fic. 1.—E@Gs FROM PEN 15, SHOWING EFFECT OF SMALL PERCENTAGE 
OF COTTONSEED MEAL IN RATION. 


Normal egg in lower left-hand corner. 


Fia. 2.—EGG SIMILAR TO THOSE IN UPPER PICTURE, WITH YOLK BROKEN OPEN. 


/ 
| 
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Fig. 1.—DRY-MASH HopPeERS. 
The hopper on the right has separate compartments, and was used in pens 8, 4, and 7. 


Fic. 2.—Coop For BRooDy HENS. 
This coop is hooked to the inside wall of the house, above the nests. 
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difference was 45 eggs per hen in favor of free range. These two pens 
of Leghorns are apparently fairly comparable, as they are of similar 
breeding, they were reared under similar conditions, were started at 
the same time, and received almost similar rations except that in Pen 7 
the mash constituents were separate while they were mixed together 
in Pen 8. This difference in the method of feeding, as previously dis- 
cussed, does not appear to be a material factor in affecting the egg 
yield. Pen 8, however, received 4 per cent more beef scrap than 
Pen 7 in 1914, and 16 per cent more in 1915, which is a very material 
factor. A comparison of Pen 4, which was on free range, with Pen 7 
(confined) appears to strengthen the conclusion that free range mate- 
rially increases egg yield, as the percentage of beef scrap consumed in 
these pens was more nearly equal. The Leghorns ranged over a 
wide area, while the general-purpose breeds neither kept. as busy 
scratching nor ranged over nearly as much ground. 

The use of yards does not appear to affect the mortality among the 
fowls for a period of one or two years (see Table 2). The loss in the 
confined pens was in several instances considerably less than in the 
pens on free range, but part of the additional loss on free range was 
caused by hawks and missing fowls. The greatest mortality occurred 
in the pens giving the highest egg production, and it would appear 
that this difference in egg production, rather than free range, was the 
material factor in causing the difference in mortality in Pens 7 and 8. 
It would not appear that free range of itself, except for the loss caused 
by hawks or other marauders, increased the mortality. Free range did 
not lower the total consumption of grain nor decrease the cost of feed- 
ing, except for the green feed which was supplied to the pens confined 
to yards. On the whole the consumption of grain was greater with 
the pens on range, owing to the greater production in these pens. The 
cost of the dry oats used for green feed (sprouted oats) per hen aver- 
aged about 10 cents per year. A study of all these pens appears to 
show that free range very materially increases the egg yield in Leg- 
horns, and somewhat, but to a considerably less extent, in the general- 
purpose breeds. 

YARDS AND GREEN FEED. 

Pens 3 and 5 each had a large yard containing about 220 square feet 
of land per fowl and were kept in this yard about one year. They 
were then moved to a similar yard and the old yard was plowed and 
planted to grass, clover, and oats. The present plan is to alternate 
these yards once yearly, plowing and seeding the ground not in use, 
and thus keep the soil sweet as well as to provide some green feed. 
The soil in these yards is a heavy clay, parts of which are poorly 
drained and not well adapted for a permanent greensward. The 
yards contained only a small amount of grass and weeds when the 
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fowls were first put into them. Two yards for each pen allows about 
440 square feet of ground per fowl, which is at the rate of about 100 
hens to the acre. Pen 7 was confined to a single yard, which was 
plowed and* planted after the hens had been in the yard about 
9 months. The hens were confined by a temporary fence to a space 
of about one-tenth of the entire yard for 4 weeks until the oats were 
well started. This pen has a yard space of 218 square feet per hen, or 
about 200 hens to an acre. A single yard handled in this manner does 
not provide a good yarding system for poultry on heavy clay land. 
The growing grain and grass is all killed within a few weeks, and the 
yard is entirely bare the rest of the year. 

No green feed was supplied to the pens on free range, but sprouted 
oats were fed at noon daily to those confined to yards (Pens 3, 5, 
and 7). Pens 3 and 5 were fed some cabbages during their first 
winter (1912 to 1913), but did not receive green feed regularly until 
March, 1913, when the sprouted oats secured from half a pound of 
dry oats were fed daily. The amount of dry oats per pen was 
increased at the beginning of 1914 to 0.6 of a pound (about 14 square 
inches of sprouted oats daily per hen) and fed to Pens 8, 5, and 7. 
The cost of green feed in 1912 to 1913 per dozen eggs in Pens 3 and 
5 was 0.8 and 0.9 cents, respectively. The cost per hen was 8.7 cents 
in Pen 3 and 9 cents in Pen 5. The cost of the green feed includes 
only the cost of the cabbages used in 1912 and 1913 and the cost of 
the dry oats for the rest of the time. In 1913 and 1914 the cost per 
dozen eggs in Pens 3, 5, and 7 was 1.8, 1.5, and 1 cents, respec- 
tively, and the cost per hen was 11.4 cents in Pen 3, 11.7 cents in 
Pen 5, and 10 cents in Pen 7. This cost was proportionately 
greater in 1915, as the same quantity of oats was fed to each pen, 
while the number of hens had decreased slightly, and the egg yield 
had decreased materially. Thus the green feed increased the cost 
of feeding the hens about 10 cents each, and during their first two 
years added a little over 1 cent per dozen to the cost of the eggs. 


CONSUMPTION OF GRIT AND OYSTER SHELL. 


The hens in 1912 to 1913 were fed about 1.3 pounds each of grit 
and oyster shell, which cost about 1.6 cents per hen. In 1913 to 
1914 the hens were fed about the same amount of oyster shell but 
only about one-third as much grit, reducing the cost to about 1 cent 
per hen. During the third laying year, as egg production decreased 
the hens consumed considerably less grit and oyster shell. The con- 
sumption was slightly greater in Pens 9 and 10, where no beef scrap 
was fed, than in the beef-scrap pens. Pens 10 to 16 ate on the aver- 
age in one year from 0.5 to 1 pound of grit per hen and from 1.5 to 
2.5 pounds of oyster shell. 
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LEGHORNS COMPARED WITH GENERAL-PURPOSE BREEDS. 


Leghorns produce eggs cheaper than hens of the general-purpose 
breeds (Plymouth Rocks, Wyandottes, Rhode Island Reds, and 
Orpingtons), because they lay as many or more eggs, eat only about 
55 pounds of feed per head annually compared with from 70 to 85 
pounds eaten by general-purpose breeds, and their egg yield very 
materially exceeds that of the general-purpose breeds during their 
second and third laying years (see Table 2). The feed cost of a 
dozen eggs for Pen 4 (Leghorns) was 7.34 cents in 1913, while the 
average cost of all the general-purpose breeds was 10.6 cents. In 
1914 the feed cost of a dozen eggs for Pen 4 was 8.7 cents as against 
an average cost of 15.1 cents for the second laying year of the general- 
purpose pens. During their third laying year the cost of a dozen 
eges was 8.8 cents for the Leghorns compared with 18.6 cents for the 
general-purpose fowls (Pens 5 and 6). The total profit per hen over 
feed cost in Pen 4 (Leghorns) for three years was $6.84 against $4.30 
for Pens 5 and 6 (general-purpose fowls). Pen 8 (Leghorns) in 
1914 laid 157.6 eggs per hen, the highest ege production secured in 
any of the feeding experiments up to 1915, producing eggs at a feed 
cost of 6.7 cents a dozen. Pen 12 composed of general-purpose 
fowls and crosses containing some Leghorn blood, laid 169.5 eggs per 
hen in 1915. The amount of grain eaten was large, however, mak- 
ing the feed cost of a dozen eggs 10.2 cents. The cost in Pen 2 dur- 
ing its first year was 7.74 cents, which was the lowest cost of any of 
the general-purpose pens. The average cost of eggs in Pens 7 and 
8 (Leghorns) in 1914 (their first year) was 7.7 cents. For the first 
two years the average annual feed cost for Leghorns was about 88 
cents and for the general-purpose breeds $1.13. 

The Leghorns produced smaller eggs than the general-purpose 
breeds. The average weight of the eggs in Pen 4 (Leghorns) during 
the first laying year weighed 1.42 pounds per dozen, as against 
1.53 to 1.58 pounds for the other pens. (See Table 5.) However, 
Leghorns laying eggs weighing 1.50 pounds per dozen or over have 
been selected and bred by many poultrymen. An examination of 
500 eggs from the Leghorn pens (Nos. 4, 7, and 8) made the first 
of May, 1915, showed that 31 per cent weighed over 2 ounces apiece, 
or 1.5 pounds to the dozen. The percentages and weights of these 
eges were as follows: Hight per cent under 1} ounces, 26 per cent 
from 12 up to (not including) 1{ ounce, 35 per cent from 17 to 2 
ounces, 23 per cent from 2 to 24 ounces, and 8 per cent over 2} ounces. 

The Leghorns in Pen 4 increased less than one-half pound in weight 
from the begiming of the experiment, January, 1913, until January, 
1915, while the general-purpose breeds (Pens 5 and 6) increased a 
little over a pound during the same period. (See Table 10.) The 
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Leghorns increased about one-fifth of a pound in weight during their 
third year while the general-purpose pens increased one-third of a 
pound. In comparing the market value of the fowls this extra 
weight should be credited to the general-purpose fowls. The Leg- 
horns do not tend to become overfat during their second and third 
laying years as do most of the general-purpose breeds. 

The value per dozen of the eggs produced by the Leghorns (Pens 
4, 7, and 8) was from 1 to 3 cents less each year than that of the 
general-purpose pens. (See Table 9.) This difference in value is 
due to the fact that the general-purpose breeds are better winter 
layers than the Leghorns, while the latter give a higher production 
in the spring and summer. This difference is more marked in the 
second than in the first or third years, as shown in Table 6, where 
Pens 7 and 8 (Leghorns) laid nearly as well during their first winter 
as the general-purpose pens (Nos. 1, 2 and 3), although the average 
value of the eggs per dozen for the year was slightly less in the Leg- 
horn pens. Very few Leghorns become broody, which probably 
materially affects their egg yield as compared with the general- 
purpose breeds (see page 35). Better fertility in the eggs, especially 
with stock confined to yards, is more often secured from Leghorns 
than from the general-purpose or from any of the heavier breeds. 
No experiments have been conducted on the fertility and hatchability 
of the eggs from any of these feeding pens, but eggs have been hatched 
from several of them and no marked differences due to the feeding 
or method of management have been noted. Summing up these com- 
parisons, the Leghorns are undoubtedly more profitable fowls to keep 
for the production of eggs only than are the general-purpose breeds, 
which confirms the belief and experience of commercial poultry 
farmers producing eggs for market. 


EGG YIELD AS AFFECTED BY TIME OF MATURITY AND AGE OF FOWLS. 


The average decrease in egg production of all the general-purpose 
breeds during their second year was 42.4 eggs, or about 32 per cent, 
while the decrease in the Leghorns (Pen 4) was only 21.9 eggs, or 
about 16 per cent. The decrease in all general-purpose pens from the 
second to third year production was about 16 per cent. The de- 
crease in Pen 4 (Leghorns) was only 4 per cent. However, the 
decrease in Pens 5 and 6, which were started at the same time as 
Pen 4, was only 20 per cent during their second year and 13 per 
cent during their third year, as discussed later in this paragraph. 
The time of maturity affects this question materially, as the fowls 
which began to lay in November (Pens 1, 2, and 3) laid 17.8 more 
eggs per hen during their first year than Pens 5 and 6, which began 
to lay in January. On the other hand, Pens 1, 2, and 3 (early matur- 
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ing) laid 40 per cent less their second than during their first year, 
while Pens 5 and 6 (late maturing) laid only 20 per cent less. Dur- 
ing their third year the egg production decreased 20 per cent in the 
early-maturing against 13 per cent in the late maturing pens. The 
fowls in this experiment, which matured late laid later in the season 
in both their first and second laying years, and while the value of 
their eggs was less the first year than that of the early maturing 
fowls, it was greater in their second year, largely because they laid 
a larger percentage of their eggs later in the season when the value 
per dozen is greater. The average yearly egg production (110.2 
eggs) for two years of the general-purpose pens (Nos. 1, 2, and 3), 
which started to lay in November exceeds the average yearly produc- 
tion (107.7) of Pens 5 and 6 by only 2.5 eggs. (See Table 2.) The 
average three-year production for the early maturing pens (Nos. 1, 
2, and 3) was 94.7 eggs against 99.5 in the late maturing pens (Nos. 
5 and 6). 

The average yearly value per hen of the eggs in Pens 1, 2, and 3, 
for two years was $3.06 against $2.97 in Pens 5 and 6; for three years 
the averages were $2.55 and $2.69, respectively. In other words, the 
value of the eggs for two years from the hens which started to lay 
early slightly exceeded the value of those which started to lay late, 
while for three years the value of eggs from the late-hatched penx 
exceeded that of the early hatched pens by 14 cents per hen. Com- 
paring the yearly average for two years of Pen 4 (Leghorns) with 
Pens 5 and 6 (general purpose) all of which were late-maturing pens, 

‘the former averaged 126.8 while the latter averaged 107.7, or 19.1 
eggs less. For three years the Leghorns averaged 121.9 eggs against 
99.5 eggs in Pens 5 and 6. The yearly average value for two years 
of the eggs from Pen 4 was $3.25 against $2.92 from Pens 5 and 6. 
The average for three years was $3.09 in Pen 4 against $2.65 in Pens 
5 and 6. The yearly average yield of all the general-purpose breeds 
was 109.3 eges for two years and 71.4 for three years. 


WEIGHT OF EGGS. 


The average weight of eggs during each 4-week period throughout 
the year is shown in Tables 5, 5a, and 5b, with the pens arranged so 
that the dates of the periods correspond as nearly as possible. 
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TABLE 5.— Weight of eggs per dozen, by 4-week periods, 1912-13. 


Period. 


INOVOMDCI se sere te some seas cease ae 
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Pen 1. 


(1.47) 


Pen 2. 


53) 


(1. 43) 


First laying year. 


Pen 3. 


(1.46) 


Pen 4. Pen 5. Pen 6. 
Pounds. | Pounds. | Pounds. 
bee 1,41 |); 961452) iene 49 
1.43 1.63 1.58 
1.42 1.57 1.53 
1.41 1.52 1.50 
1.38 1.52 1.54 
1.43 1.50 51 
1.40 1.48 1.51 
1. 43 E52, 1.62 
1.48 1.60 1.70 
1.49 1.59 1.49 
11935) 1.50 1.50 
1.36 1.48 1.50 
1.31 1.49 1.49 
1.42 1.54 1.53 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. For 


repetition of month of May see note under Table 4. 


TABLE 5a.— Weight of eggs per dozen, by 4-week periods, 1913-14. 


Second laying year. First laying year. 
Period. 

Pen 1.| Pen2. | Pen3.} Pen4.| Pen5.| Pen6.| Pen7.| Pens. | Peng. 

1913. Pounds.|Pounds.|Pounds.|Pounds.| Pounds. Pounds.|Pounds.| Pounds.|Pounds. 
November... ace fe ease 1.47 1.53 1455) S35) AGE 50) | 8150) |b Se 
Mecemberesere cece eee 1.39 1.41 1.46 (1.36) | (1.48) | (1.50) 1.36 1.40 1.45 

1914 
JANUaTy ee ss eeeee eee ee 1.47 1.43 1.46 | (1.31) | (1.49) | (1.49) | 1.41 1.32 1.48 
IO cba GesanemucsLoossseaee 1.68 1.49 1.62 1.49 1. 57 1.58 1.43 1.42 1.51 
March 2222 3 2is series Aeros 1.68 1.60 1.65 1.53 1.58 1.58 1.49 1.48 1.48 
OP Ryovall eee Ae eA Dil 1. 67 1. 64 1.65 52 1.60 1. 64 1.48 1.51 1.51 
Mayet Saas: Suet. pease aLS7: 1.69 1.65 1.56 1.59 1.71 115683 1.54 1.54 
IME ype cep ee ete lc ey Smenered 1.65 1.65 1.62 1.50 1.59 1.61 1. 44 1.45 1.50 
Jae eee IN aed Meee Eas 1.60 1.61 1.59 1,46 1.60 1.54 1.43 1.45 1.46 
FL eee ee Ni 1.63 1.57 1.63 1.47 1.60 1.58 1.51 1.42 1.43 
IRC USte eee neo e ee a ines 1.62 1.58 1.63 1.47 1.58 1.64 1.45 1.48 1.44 
September ssen se scores 71 1.60 1.60 1.47 | 158 1.59 1.52 1.54 1.50 
Octoberzeceee ae 1.61 1. 66 1.54 1.65 1. 62 1.54 1.56 1.56 
INovembersasneee saase coos (1.65) | (1.50) | 1.60 1.71 1.74 1.61 1 54 1.54 
December: e-ecs ess ee 868)7 158) alee TSO; sete ccs (1.55) | (1.59) | (1.58) 
1915 

VANUALY eee ame eee eee (ne sie etal misiesceer GIS 7A0)) |] soccer sd |sasaoaee 1.61 | (1.50) | (1.61) | (1.68) 
AVOTAZO oes Sone ecco 1.65 1.59 1.62 1.50 1.60 1. 62 1.46 1.47 1.50 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
For repetition of month of May see note under Table 4. 
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TABLE 5b.— Weight of eggs per dozen by 4-week periods, 1914-15. 


23 


* Third laying year. 


2 


Second laying year. 


Period. - 7 

Pen 1.| Pen 2.| Pen3.| Pen 4.| Pen 5.| Pen 6.| Pen 7.| Pen 8.| Pen 9. 
1914 Pounds.| Pounds.| Pounds.| Pounds.|Pounds.| Pounds.|Pounds.|Pounds.|Pounds. 
November.........-.-------- 1.47 1.65 1.50] (4.60)} (1.71)) (4.74)} (1.61)) (1.54)| (4.54) 
1.583 eee (ESO) eaeene 1.55 1.59 1.58 

1. 70h) ese (1.61)) 1.58 1.61 1.63 

1.71 1.56 1.76 1.64 1.52 1.60 1.62 

1.70 1.50 1.69 1.67 1.51 1.57 1.59 

1.51 1.49 1.65 1.64 1.46 1.55 1.59 

1.61 1.50 1.65 1.60 1.45 1.51 1.56 

1.61 1.50 1.55 1.62 1.41 1.49 1.55 

1.63 1.46 1.60 1.65 1.46 1.47 1.53 

1.63 1.48 1.60 1.62 1.44 1.46 1.51 

1.58 1.48 1.64 1.61 1.45 1.50 1.52 

1.60 1.48 1.64 1.60 1.47 1.53 1.48 

WCLODOR eee serosa ee Satiercies |[cclets <i ac )ieiec a) seal eee WE (G) leseaaose Bei Gao soos 1.67 
IN@WERN OF te agcsordseneoceed SoSen6es BaEeeeee BoBereso loaocosck 1.55 Ds G2F ote a [eet a aiere eraememin 
FAV Craze ueaa ses ee. ose 1.75 1.66 1.61 1.49 1.63 1.62 1.46 1.52 1.56 

First laying year. 
Period. 
Pen 10.} Pen 11.) Pen 12.} Pen 13.) Pen 14.) Pen 15.] Pen 16. 
1914 Pounds.|Pounds.| Pounds.| Pounds.| Pounds.| Pounds.| Pounds. 
INGUIN) 0 ae SO OBOE CRU BOSROCS Bae e na aE eae EEE SSCS moo Mee es eaaaooudlesaosocdesuaces Salleh Shanes 
December 1.45 OLR ALAS Iver ne ate eck | CU ROR Oh DS on 
UBEIAyodcosod as obdbgs Goes Aon sere ldS beDABaes 1.64 Loa llaeconsod|saspoced |sqodscnd|osonncse 
February. ¢ 1.73 1.57 1.46 LAS) Eee cae core 
March.... : 1.72 1.62 1.53 1.55 1.49 1.49 
April....... ; 1.55 1.56 1.50 1.47 1.38 1.39 
Nip ee % iam PTB Se aGRY NY) TAC TTT 1.50 
en eee SNES N RIT ARTA oT TT i Wbaee less) | ha eag es 1236 1.41 
RUENTT QM ere aaa Se AC Le VE : 1.50 1.57 1.49 1.47 1.36 1.46 
LOU R oN SSS F555 8 ee 22 Reel eo ln GS fea 5 1.48 1.55 1.49 1.46 1.20 1.44 
PAULUS Le eee Hee nae Seen Sue Rea ids Sa Ns 1.61 1.54 1.53 eH ees aaaec 1.44 
Sepbembertes = wae pace see ecceses esses eke: 1.70 1.51 1.43 1.55 TAG Ase 1.59 
OCOD CTE e eee aes ce paislioseBlocecec en 1. 74a ee eee 1.61 1.67 1557 | Beate as |e ee eee 
INOW BE aqadoogn SeOBOOE EEA GO EGE SS Sooner eee HEMBEE Ss lcccosoldoreaacd 1.65 MOA teeta Ome 
MDE COMM DOR ieresisieis) ies as deeiaiae ob scitee ahs oie tae eee le site beig | eenctaeielliccom nace PES 25 eae 
1916. 

JOMUATY Mace ame ae eee 6 eee cane eee oo s| as oc a cee eee lee mance 1.48 AISe i)al eens | Sm oaeers 
INGLIS Ao speed boop Bee CSD RA ES TORE GHEE GE Meee BEBE REG e156 Socal eta ee eine Leen Mite ee ero oot 
PAS OTAGO eee ere eit ieee alt ol 1.59 1.56 1.54 1.51 1.47 1.37 1.45 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 


For repetition of month of May see note under 


Table 4. 
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The average weight of the eggs is highest in the early spring months, 
with a gradual decrease in weight to the period of lowest averages, 
which occur during the summer months. The average weight of a 
dozen eggs for Pens 1 to 6 was 1.53 pounds during the first year 
(1912 to 1913), 1.60 pounds for the second year, and 1.63 pounds 
during the third year. The production of larger eggs during the 
early spring months and during the second and third as compared 
with the first year is thought to account in part for the larger and 
stronger chickens which are said to be procured during the early 
spring months and from mature stock. It is not apparent that the 
different rations affected the weight of the eggs except in Pens 9 
and 15, where no beef scrap was fed, and in Pen 16, which had only 
a very small percentage of beef scrap. The eggs from Pen 9 were 
smaller throughout the year than from the other general-purpose 
pens during their first laying year, and averaged 0.05 of a pound less 
per dozen with a similar difference in weight during their second 
year. The eggs in Pens 15 and 16 were very small. These pens 
were fed on a ration containing cottonseed meal and the hens did 
not eat enough feed to produce normal results. This feature is dis- 
cussed more in detail on page 13. The increased size of the Leghorn 
eggs from Pens 7 and 8 in 1914, compared with Pen 4 in 1913, goes 
with the increased weight of the fowls as shown in Table 10, and 
may be due to the introduction of new blood and to the selection of 
larger fowls for breeding. The eggs in Pen 8 on free range weighed 
about the same as those from Pen 7 confined during their first year, 
but were 0.06 of a pound per dozen heavier in their second year, 
apparently owing to free range and a greater percentage of beef 
scrap in the ration. 

The average weight of the eggs during the period of low production 
(fall and early winter) is subject to error during the first two years’ 
work, as it may have been greatly affected by a few individual hens 
or by the cumulative error in reading the weight of only one or 
two eggs. To eliminate this latter error during the period of low 
production the eggs were held until six had accumulated before 
being weighed in the succeeding experiments. When the egg pro- 
duction during a four-week period is less than 36 eggs no weight is cal- 
culated for that period, which accounts for the blanks in Tables 5, 
5a, and 5b. 

DISTRIBUTION OF EGG PRODUCTION. 


Tables 6, 6a, and 6b show the percentage of egg production for 13 
periods of 4 weeks in each year for all pens. This is calculated on 
the basis of the maximum, or 100 per cent, being equal to one egg per 
hen per day. The average percentage of production for two and for 
three years are also given. The periods are arranged to make them 


—es et 
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correspond as nearly as possible in each pen. The exact periods for 


each pen are given on page 


8. 


TABLE 6.—Percentage of egg production for 4-week periods, 1912-13. 


100 PER CENT=1 EGG PER HEN PER DAY. 
First laying year. 
Period. 
Pen 1. Pen 2. Pen 3. Pen 4. Pen 5. Pen 6. 
1912. Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Niovemben erent sts: ae ee 36 TG ii ei Se ee as Ok a aa Se Ee 
December w eo. ee ee es 27 38 CUM BES se tee eee ae EEL states 
1913 
VATU AT ype pete e doe ae seoe ges cee elee we 18 34 AB WO ak aam ae =|sanatass- [oss eee mane 
INGO RUE IAVE 6 ped oo boGae eee saa e en BOE Aaa 42 45 44 43 34 26 
MAT Chee ry ae ee Seen 2 Perego ou 56 51 55 63 54 48 
ANS Ss BUS SSS ko Ope ERED BOE Sa nEe eas eee 58 61 50 75 58 59 
WENGE 3 BG Ae See CE lee a gta ee 58 50 49 70 51 57 
WEN SSG sido ae SOEs A ee EES See ee eae 52 49 39 57 42 44 
(BTS 5 occa soe See ke URES EEE ee ese ae See ee ee 42 43 28 46 42 43 
Filly emer aU SO 39 31 29 42 30 33 
PANT OTIS Leesan stole (estes ease istcim ha Liavajaie ie 38 35 20 32 30 28 
Deptembers eee ase te can eros ieia sie = = 25 33 24 26 25 18 
October ee eae a sss ssa seiseye sseislesein oe we 15 20 11 14 21 13 
INovemiberse see so sac tue eee eters shee (3) (9) (9) 7 13 17 
December ea cescte ee ce ioe eecieee (6) (7) (10) 6 14 20 
1914 
JANUARY Ae estec cae coc ciceenie secs cicie = = (7) (7) (8) 12 20 15 
PNT CLARO Cie a scieP tes Pete cycat wleiniali 39 40 34 38 | 33 30 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
For repetition of month of May see note under Table 4. 


TABLE 6a.—Percentage of egg production for 4-week periods, 1913-14. 


100 PER CENT=1 EGG PER HEN PER DAY. 


Second laying year. First laying year. 
Period. 
Pen 1. | Pen 2. |} Pen3.| Pen 4.| Pen 5.| Pen 6.| Pen 7.} Pen 8.}| Pen 9. 
1913 Per ct.| Per ct.| Per ct. | Per ct. | Per ct.| Per ct.| Per ct. | Per ct.| Per ct 
November.............---.- 3 9 9 (7) (13) GIA ses Gesaceaa Geccdeor 
December...........---.---- 6 7 10 (6) (14) (20) 37 28 9 
1914 
dEAUE AVS aya So CoSUUABeP Be Eoae G 7 8 (12) (20) (15) 31 35 8 
Hebruarye. ss. .8. 3c Fo. 6220: 26 11 21 41 25 21 36 43 29 
MATCH acer cee e be 27 22 26 29 36 36 39 57 10 
AND Sa Ae Ae ee ape Sia 48 40 37 58 51 44 44 70 46 
DVS: eves ee Aemios 38 43 34 68 45 45 59 73 44 
IN SGU MONET OA CAE A RS eae ee 47 24 3 63 35 27 52 62 38 
AEST) Gs 5 Sea eee a a 37 31 26 49 34 43 46 59 30 
ANTI K2 2 8 OR te ee ee 28 29 19 44 28 32 21 43 27 
PATTOUSG Ue coe cas os eae oe 26 26 20 30 3 27 29 24 23 
September: 225 .52.2 2.2 2..2% 23 22 20 19 28 19 14 25 21 
@ctobenas- cee sce esccesee sn 13 7 16 il 23 15 14 27 19 
November.............--..- (1) (1) (7) 0 14 8 9 19 16 
DWecombern ay sw (0) (1) (2) 0 2 0 (9) (8) (9) 
1915 
VAMUATY As scpe ce =iclacioisine Sale (2) (1) (3) 0 0 7 (19) (21) (7) 
PANVETE POE io. 2 alk 25 21 21 32 27 25 33 43 25 
2-year average 32 30. 5 27.5 35 30 QHD: [EISELE Eee oe Leas 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
For repetition of month of May see note under Table 4. 
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TABLE 6b.—Percentage of egg production for 4-week periods, 1914-15. 
100 PER CENT=1 EGG PER HEN PER DAY. 
Third laying year. Second laying year. 
Period. 
Peni. | Pen2. | Pen3. | Pen 4. | Pen 5. } Pen 6. | Pen7. | Pen&.} Peng. 
1914 Per ct.| Per ct. | Per ct ilePerict.|\Per ct. | Per ct..| Pericta| Pernets|peencr 
INovember:f- sss44e- eee 1 1 7 (0) (14) (8) (9) (19) (16) 
December fo 2 eke eet 0 1 2 (0) (2) (0) 9 8 9 
1915 
JaNuanyeres poe eee ee 2 1 3 (0) (0) (7) 19 21 7 
INO DTUAT Ys <6 o-oo ec etece cone 9 6 | 11 16 21 27 27 40 20 
Marchisss: ti fea ies ores 34 26 | 22 36 36 35 40 64 32 
Jia 0 Ses Ae as ees 39 41 26 52 46 45 46 71 38 
May ase sos take seen wee ae 33 36 28 68 36 46 47 73 45 
May ee eee eS See 36 28 35 62 35 44 45 y 42 
JUNGS eel 1a! pe 29 26 | 22 62 37 27 44 65 34 
DULY ee eee ee a eee cee 33 19 27 45 28 25 39 57 24 
PANISUISG See ae ee een eee 24 20 15 32 25 19 33 41 21 
September Sec) slew 15 7 10 17 15 12 24 23 15 
October-i3 i soe ee 0 1 4 2 9 3 8 3 10 
Novem bere se 2 AR le een ease ea 0 7 7 1 2 0 
December st 2 2225. 3-282. ea 2-2 ee ee 0 0 2..| come 25s | ee eee 
1916 
Janay eect race ae eeger [oe ae testa | ose Se eee eos 7 | 1 6.| 2... 24 eeeeee eee 
Mebruany{-e eet oe sees a peee | Les eS ga. ce ae a Be cscs) lism D-+hos| ceases] Eee ees See 
SANVGTAPO Meee oun esses 20 16 | 16 31 23 23 | 29 42 23 
3-year average...-....-. 28 26 24 34 28 26 131 143 124 
| 
First laying year. 
Period. 
| Pen 10. | Pen11.| Pen12. Pen13.; Peni4.} Pen15.| Pen 16 
1914 | Per ct. | Perct. | Per ct. | Perct.| Perct Per ct. | Per ct 
INOVeM bers sess ses hears Sa era eee 07 0 (6) Roeeeeee Beer eocd beccecocif=---454 
MecemMberas sac aaes es keene nese seer ere | 2 | 3 27M) OPP ae peeeeiace Eocoséoc||s-32acu< 
1915 | | | 
JANUATY tee eo eens rae tee a nosis 0 16 39)|2.2 22-42 33 ee 
ING DUA yA ee ee eee eee ema ee Dace | 17 20 66 | 31 35°] ose | Cee 
Marche kik stoi) Soe ok Cea esas Aire Re ote | 33 29 60 63 65 10 17 
uN) iy st WES ne Stace ECE med ae SR eEe SSE eE Cos Ose | 40 37 7 67 67 17 25 
May eee See a Ee EIR ts een 55 47 68 59 69 25 44 
Ma ye Re ee ee @ cece er ae eee 54 49 61 48 67 17 39 
UNO sa eee Re coord ae acter Redon ys ene pen ae 41 49 62 48 59 13 34 
July soe. Sea: fo eT ep eh Se er 40 46 49 | 42 53 2 23 
ATI OTISE 2 st ne vs ood eee ee CE ee Pes 35 42 41 45 43 3 20 
Septembers: =: 23°38. 2-5 See Re es 28 23 38 38 39 4 12 
October: S222. Sse i Nee BG 26 5 20 30 34 0 5 
INOVem bers. Gla gNCes ee ue ea hee ae Jeter BBBeesesscoSe cos noseaeaa| 27 25 2 0 
December ee... 5 Sessa ee th ries -|(5552 545 Bosneaae ef 7 10 2 
1916 | 
January. 38226. dake oe wee Beeson |. 325 Se eee | peek ae 13 8 4 8 
IO DIUALY 2 aches ssle aioe wine eee eee eee nee ja Sore eae eenetet ses rsiat= = = is Basses! bsoccose 11 12 
CAS Verde © dosh shen oo ol a SEES EN fl 29 | 29 46 40 44 9 19 
3-7 Calaverace aca -\ 5 shine <- Secee sack eee Jneoeeeee[----2ee- fees berated 22-225) 22-2255 


1 Two-year average. 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
Forrepetition of month of May see note under Table 4. 


The fall and early winter eggs were largely secured from the pullets, 
as the production of the yearling hens during these months was very 
low. The total egg yield of all periods throughout the year is less 
during the second year, although this difference is neither as large 
in the Leghorns (Pens 4 and 8) as in the general-purpose breeds 
(Pens 1, 2, 3, 5, and 6), nor in the late-hatched (Pens 4, 5, and 6) as 
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in the early-hatched (Pens 1, 2, and 3). Spring is the period of 
greatest total production. Pen 4 (Leghorns) shows considerably less 
production during the fall and early winter of their second laying 
year than was the case with the general-purpose pens, especially 
Pens 5 and 6, started at the same time as Pen 4. Pens 7 and 8 
(Leghorns) also show a slightly decreased production during their 
second winter period, although not as great a decrease as in Pen 4. 
This difference is also seen in the comparative feed cost of the eggs, 
shown in Table 7. 

The effect of snow on the ground in lowering the egg yield during 
their first winter was noticeable in Pen 9, which did not receive any 
beef scrap. However, the egg yield the second winter in this pen 
compares favorably with that of Pens 1, 2, and 3 during their second 
winter. The lack of beef scrap as affecting egg production is dis- 
cussed more in detail on page 11. The weather during February, 


Fig. 3.—Feed cost and value of eggs per dozen in Pen 8.) Last two periods of second year are omit- 
ted, as hens had stopped laying.) 


1914, was quite mild with practically no snow, while March was cold 
with considerable snow. Lack of beef scrap also lowered the pro- 
duction throughout the entire year. None of the other differences in 
the rations appeared to affect the distribution of egg production 


materially. 
FEED COST OF EGGS. 


The feed cost of a dozen eggs for periods of four weeks each through- 
out the three years of these experiments is shown in Tables 7, 7a, and 
7b. Prices of individual grains in 1917 are from 20 to 100 per cent 
higher than the prices used in this bulletin. Present prices of grain 
should be compared to those quoted on page 6 in arriving at the 
present feed cost of producing eggs. This cost is directly propor- 
tional to the egg yield as given in Tables 6, 6a, and 6b. Eggs are 
produced at the lowest cost in the spring and at the highest cost in 
the fall and early winter. This high cost in the fall and winter 
increases very materially with the age of the fowls. Figure 3 shows 
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the feed cost and value of eggs per dozen in Pen 8 over a period of 
two years. The feed cost during the first year is fairly constant, but 
becomes more variable after this period. Figure 4 shows annual com- 
parisons of the Leghorns and general-purpose breeds, also the effect 
of certain feeds. 


CEV 
LUHDESKORHGOSN 


GENERAL PURPOSE 
LLLOS 


LEGHOANS- ------2 


Fig. 4.—Average feed cost of egg production. 


TABLE 7.—Feed cost per dozen eggs for 4-week periods, 1912-13. 


First laying year. 
Period. 
Pen 1. Pen 2. Pen 3. | Pen4. Pen 5. Pen 6. 
1912 Cents Cents. Cents Cents Cents Cents. 
INOVOINDER = bocce cciss seid nee eeeice -oeraaes 1 bes} 13.5. 2822 |-2.06...2..|5222 decent eee eee 
Decem ber:-74.. 44 ae eee eae skies eee 14.7 10.5 10:7 |... 22] DE ee eee 
1913 
AF HOES ay aci ge bebo de dauAnandaagusoLocoanoue 29.5 ible VIS) aie osc ne 8) ecece nese | epee eae 
Ne DTUATV eee oe eae ates ciosieee eee ela 11.6 6.6 11.3 1e9 13.7 18.8 
WENA th Akieon pen eee aoe eoSteL OSsoCBBaner COTS 9.2 UD 8.5 6.1 10.4 12.0 
TNH E AAPA Re op pobcaceodasooce seaacdade 7.8 6.0 7.4 4.4 8.1 8.1 
IM eu ype eS a ces see eonete a sciicseecee 6.5 5.4 7.6 | 4,1 14 ts 
Marie sone Sahota. Soe ee SEG net meee 6.2 5.1 7.6 4,5 8.9 8.9 
AJL OR ee see emcees eicisieeec eee 6.6 5.6 8.5 5.0 6.5 8.1 
Tilt is oHoceneddounsco ne Sos suespeccacuesedst at 7.9 ital Teil 9.2 11.8 
INT aIS he oon pannanevocs goUEaGuadosuaqocsar USS 7.4 14.7 7.4 10.5 12.5 
September. see seeki-e-e eee ee eee eee 14,1 8.1 15.3 9.9 13.3 19.7 
OCtODCR Foose eae eel Aes 19.8 13-1 31.5 18.1 15.2 28.1 
INOVembeIee ce seer eer cere neers e eee (102.0) ea 9) (35. 0) 41.0 26.7 28.7 
IDECOMDED secs sci ee se eceee ieee eee (70.0) 44,4) (38, 1) 41.1 29.9 23.8 
1914 
JANUATV ene meee eee eee eee eeaeeaeo sees (55.0) (51.3) (45.4) 26.3 19.1 31.9 
SAV OLAS Obs etree asaieik-is fo ainieele Cees 9.9 7.7 10.9 7.3 2: 13.2 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
For repetition of month of May see note under Table 4. 
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TABLE 7a.—Feed cost per dozen eggs for 4-week periods, 1913-14. 
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Second laying year. First laying year. 
Period. 
Pen 1.| Pen 2.| Pen 3. | Pen 4.| Pen 5.| Pen 6. | Pen 7. | Pen 8. | Pen 9. 
1913 Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents 
November...........-----..- 102.0 22.9 at5O | GLO Gay (Ss Misseccocd beorsecaleadeuses 
WOCOMMDET eee lleia ees s hecle 70.0 44,4 38.1] (41.1)} (29.9)| (23.8) Uo 9.3 28.6 
1914 
UENO? os oce Sod ees Meee ot 55.0 51.3 45.4] (26.3)} (19.1)] (31.9)} 11.0 9.5 40.0 
IRS OVRDET AY Arye ee aes ee aes 12.0 33.0 17.2 6.9 15.8 21.0 10.4 8.0 10. 4 
IEA Ve 48 5 Ace an a a 14.0 15 ah 12.8 11.1 1.5 13.8 9.3 7.1 32.6 
i 7.0 7.8 10.1 5.5 8.5 11.4 6.6 4.6 5.4 
7.5 7.8 9.9 5.0 7.9 8.3 5.2 4.6 6.3 
6.8 10.0 10. 2 4.5 8.8 11.9 5.4 4.0 6.3 
9.0 10.0 13.5 5.2 9.5 9.3 5.6 4.3 8.9 
10.3 9.8 15.5 6.4 10.6 14.2 10.8 5.0 9.4 
11.1 11.9 14.7 8.1 9.8 12.6 8.1 71 11.5 
16.0 16.2 17.7 12.3 11,2 20. 4 18.1 12.0 14.5 
OChODER AER eee sk eA 41.8 52.4 22.0 23.8 19.6 30.7 22.4 11.1 18.0 
November.......-.--....---- (246.0)} (560.0)} (40.2)} 645.0 27.6 55.5 30. 2 14.7 22.8 
IMSComibereee wesc ee abe ee (290.0)| (175.0)|......-- 160.0 | 210.0] (29.8)) (83.1)} (88.2) 
1915 
J ATMUAT Yee eects ae ee sees 8 ee (150.0)} (860.0)} (90.0)} 390.0} 200.0 92.1} (14.5)} (16.5)} (57.0) 
AVOTALOe. es dersiese ees 14.4 14,6 16.0 8.7 13.5 16.9 8.7 6.7 11.7 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 


Forrepetition of month of May see note under Table 4. 


TABLE 7b.—Feed cost per dozen eggs for 4-week periods, 1914-15. 


Third laying year. 


Second laying year. 


Pen 8. 


Cents. 
(14. 7) 
33.1 


— 


SNOOP TA ROI IOS 
CWNDOOUNE PWR Oo 


(fejve) 


ewowcces 


Period. 
Pen 1.| Pen 2.| Pen3.| Pen 4.| Pen 5.| Pen 6.| Pen 7. 
1914 Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. 
November... 222022. ese. 246.0 | 560.0 40.2 | (645.0)| (27.6)| (55.5)| (80. 2) 
IDSC aaa] Vere o/h as i eI 29050) |) L75kOR Peer (160.0)} (210.0)| 29.8 
150.0 | 360.0 90.0 | (390.0)| (200.0)} (92.1)} 14.5 
53. 6 83.0 37.1 17.9 22.4 22.9 11.4 
14.0 17.0 12.7 7.8 12.7 14.5 7.3 
11.2 9.9 10.3 4.9 9.8 11.9 6.1 
10.8 9.5 9.5 4.8 11.2 10.0 5.6 
12.8 14.7 8.4 5.3 11.2 9.8 6.3 
14.0 IP 12.4 HP 9.9 13.3 6.3 
14.0 2203: 11.2 6.4 14.6 18.6 7.0 
PANTS Toei coe obs cineinete 19. 2 17.2 19.9 7.4 17.0 20.9 9.8 
September................-. 25.0 38. 7 28. 1 11.4 21.9 ao 11.1 
OCEOD CT yee EET RI 730.0 83.5 | 133.0 82.4] 188.4 27.6 
INIO TOUT OS Tes Eee ee NAF aA Neat a an Rr IMR IG 45.7 64.4 | 247.0 
IDE CEI CI a es yets ick orice yee emcee Se [C'S See coll c 5 Ske Se eage | e 910.0 | 256.0 |........|. 
1916 
LENT RD EED TAY a in Ne Ala He yO 40.0 | 340.0 QUO eerste 
TST OREUOEN EN es se, Neen nA Its Es lan dS ee hes et aoe rete al Pa DAT 
PANCTAGC os 22.5 sk SOMES 22. 4 26.0 19.5 8.8 17.2 20.0 9.4 


Pen 9. 


Nee ee ol 
SEIS C0109} CO ORO ION 
WArWwWoWdworoncde 


Co OD 
NN 
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TABLE 7b.—Feed cost per dozen eggs for 4-week periods, 1914—15—Continued. 


First laying year. 
Period. 
Pen 10.) Pen 11.| Pen 12.) Pen 13.) Pen 14. Pen 15.| Pen 16. 
1914. Cents. | Cents. | Cents. | Cents. | Cents. | Cents. | Cents. 
Novemberissced nascent ee eee ee) eee YE fl BEeeee eaeoocd Soccasoclbscccodc 
IDEGCEMDEEN sia: SNe. sis AE ee eee a. 159.0 70.8 160 El eee BEcs sescococliodccaske 
1915 
January soo 26.4 Sas Says tn eon eee ee 20.0 D2). 2... 2-|5-- cece ee eeeer eee 
Hebruary? 222. Ses be a eee 22.4 15.4 8.1 IDA/ 10:8 i) cbc eee 
March cook 228 5 eee aac s Peak ey en ece ae eee 10.0 10.6 9.9 71583 ste 31.0 18.6 
BX) oye ES ee os ere ee a A ee ee oe 8.1 7.9 8.8 6.7 7.0 14.3 10.4 
IM ahve Ee STE i ee, Oe te gies 6.9 6.7 7.8 Dadi (ei 9.1 6.7 
hE Gea eA Pn etch EE wae 3 Sapo a) ee a 8.7 Teh 8.3 6.1 1673 15.7 eal, 
fio a o\iese py SAC eRe me ORC i <a WY Eee a 10.1 8.9 Tad: 6.9 | 7.4 19.3 10.2 
FN iene es pe outer es ah Seem SB Ss Cees 2 | 9.0 Wei 8.9 6.5 8.6 | 139.0 15.4 
CASTES TIS GE ite oe pate soe See OE od Seer 11.1 ig. il 10.9 (pal 8.9 9. 2 17.8 
September.s fe ei See es Se SO sseee 12.8 19.3 11.2 8.3 10.8 7.8 27.3 
October 2.05 a aS. | SER ee Ses ee 13. 4 80. 2 19.8 8.7 lsh ssxeeeee 66.9 
November st} w2 22 She ces oe a | 11.2 16.3 | 244.0 |........ 
December2e0h 2 AVES hE ea ee | ee ee ee ee 40.0 52.7 36.0 240.0 
1916 
Januaryiic sth h 2 ashes ae ee. EARL IC) S Hees eee eeen ee opt tS 28.0 59.0 85.0 45.0 
Mebruarysssei eet see oe ee ee pees eens soe | Canoes Reema ieee eae s so. <| cok iM 35.0 37.0 
PAVOTAL Chics Gas bone cee Oe em eicice teice 13.4 11.9 10.2 8.5 9.7 31.9 18.0 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
For repetition of month of May see note under Table 4. 


FEED USED IN PRODUCING EGGS. 


The amount of feed used in producing a dozen eggs is shown in 
Tables 8, 8a, and 8b. The cost of this feed for each period is shown 
in Tables 7, 7a, and 7b. The amount of feed is given in addition to 
the cost so that the cost can be more readily secured at any time 
regardless of the comparative price of grains. 


TABLE 8.—Feed per dozen eggs for 4-week periods, 1912-18. 


First laying year. 


Period. ’ 
Pen 1. Pen 2. Pen 3. Pen 4. Pen 5. Pen 6. 
1912. Pounds. | Pounds. | Pounds. | Pownds. | Pounds. | Pounds 
INGVEM DOP eens tas acs se see ace eee soe 7.0 8.3 UTD | win. niiconac]s 5c oc eeeee | see ee eee 
Mecember seers cB Les ot ak ee 9.1 6.4 658} - oe oes] woe cece Gene 
1913. 
JANUARY eee aes cie eect eee 18.1 7.2 (600) BEREEERERS peebcoccoatodeécsces 
HODrUALyY <jcjeietsicoacciran eset ee na ce eee thal 4.1 7.1 4.8 8.7 10.7 
dW EE Nf) ess See ee ea eas Sete eee one ee 5.6 4.6 5.3 3.7 6.6 6.9 
Aprilsncisicweeredseswons Des recesses Sebeee 4.8 3.7 4.7 Pat ful 4.8 
Bi ee settee cage eee see mee See ce eal 4.2 3.5 4.8 2.7 4.9 4.5 
Ma yooh e Siero slate ore -iceeisectemiamicetieiea eee 4.0 3.2 5.0 2.9 5.8 559 
DUNC et ccae cose eames cece meme Meee or 4.3 3.6 5.8 3.3 4.4 5.2 
DULG oe acess osteo tis wee see eee al 5.1 7.3 4.6 6.2 7.6 
HANIPUSUS facet Saiccndis ses eine eee eee 4.9 4.8 9.7 4.8 7.0 8.2 
Septemberve. hs ss. ceeseeceee a ees 9.1 5.2 9.9 6.4 8.8 12.9 
Octoberissejeccewnasssse eae sete eae aByal 8.4 20.8 11.6 10.1 18.2 
INovembenes-eeecseeenes eR eeR eee oe aee (66. 2) (15. 0) (22. 6) 26.6 17.6 17.6 
December ac enrise- ese ee oan tae soe (44.9) (28. 7)| (25.0) 27.3 19.3 15.1 
1914 12.6 
DANUALY ean res aisisisen nace nee ee eeeecni aces ce (35. 8) (32. 9)} (29. 5) 16.6 20.3 
IAV OLAS Osos aac euane im ceeclseenee 6.2 4.9 7.0 4.7 7.3 8.1 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
For repetition of month of May see note under Table 4, 
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TABLE 8a.—Feed per dozen eggs for 4-week periods, 1913-14. 


Second laying year. 


Period. 7 
Peni. | Pen 2. | Pen 3. 

1913 Pounds.|Pounds.|Pounds. 
November. 2-o---------2----- 66.2 15.0 22.6 
December............--.-.-- 44.9 28. 7 25.0 

1914 

ANUATY ee eee ae eeiee este 35. 8 32.9 29.5 
ODT ARYA See ees astreeie oiee 7.8 21.0 11.2 
IS UG Red sa es eR a a a 8.5 9.8 8.4 
BANU sa Peers a I 4.5 4.9 6.6 
PR Ge Goce Ve Sete te espinal i 5.0 4.9 6.4 
IN TED 7k Sees ah pe a re 4.4 6.4 6.5 
TUE sooddec?ssuasee eee 5.7 6.2 8.5 
Utliy ae sees caciststeeecelte 2 6.6 6.1 9.8 
PATI BUS Top ae gales tS cjoes ss 7.0 7.4 9.5 
September..........-.----.-- 9.9 9.8 10.7 
October te ee soe seas ase se 25.8 32.3 14.7 

November.......--...------- (154.0)) (845.0)| (26.9) 

Mecember psec a 2-4 o-s8- s/s opees-- (275.0)| (116. 2) 

1915 

January2t see sk 82.5. (171. 3)| (416. 2)| (113.9) 

AVelage. 225.805. 56.54i5 9.2 9. 2 10.3 


Pen 4. 


Pounds. 
(26.6) 
(27.3) 


= 
— 
ww 


NISUNIOUR CORSIC9 C2 IOS 
SCWNHONOR UAHA 


Bs 


Pen 5. | Pen 6. 


Pounds.|Pounds. 


(17.6)| (17.6) 
(19.3)| (15.1) 
(12.6)! (20.3) 

TO eer 
7.4 8.6 
5.4 7.0 
5.2 5.2 
5.7 7.4 
6.0 5.7 
6.7 8.3 
6.3 7.9 
6.9 | 12.8 

12.4] 19.6 

17.6| 36.3 

102.0 | 135.9 
128.4 | 57.6 
8.6] 10.6 


First laying year. 


Pen 7. | Pen 8. } Pen 9. 


Pounds.|Pounds.| Pounds. 


45 6.1 19.9 
m2 6.1 27.9 
6.4 5.0 he 
6.0 4.4 22.7 
4.3 3.0 3.7 
3.3 3.0 4.4 
3.4 2.6 44 
3.5 2.7 6.2 
6.8 3.2 6.5 
5.1 4.6 8.0 
11.9 7.4 10.1 
14.3 6.9 12.6 
19.4 9.2 15.9 
(20.0)} (20.7)} (26.7) 
(9.8)| (10.2)} (39.9) 
5.6 4.2 8.2 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
For repetition of month of May see note under Table 4. 


TABLE 8b.—Feed per dozen eggs for 4-week periods, 1914-15. 


Period. 


Third laying year. 


Second laying year. 


Pen 1. 


Pen 2. | Pen 3. 


Pen 4. 


November 
December 


August 
September 
October 
November 
December 


January 


154.0 


—s 


345. 0 26.9 
275.0} 116.2 
416.2 | 113.9 
52. 5 25. 2 
10. 4 8.6 
6.1 7.0 
5.9 6.4 
8.9 5.6 
7.8 8.2 
13. 6 7.4 
10. 6 13. 2 
24. 0 19.0 
450. 5 54. 0 


Pounds.|Pounds.|Pounds.| Pounds. 


(432. 0) 


(267. 5) 
1 


2. 
5 
3. 
3. 
3. 
3 
4. 
5. 
7 
8 


Pen 5. | Pen 6.} Pen 7. | Pen 8. | Pen 9. 
Pounds.|Pounds.|Pounds.|Pounds.|Pounds. 
(17.6)| (36.3)} (419.4)| (9.2)| (15.9) 
(102.0)| (135.9)| 20.0] 20.7 26.7 
(128.4)} (57.6)/ 9.8] 10.2 39.9 
14.5 14.7 7.8 5.1 13.3 
8.2 9.4 4.9 3.3 6.7 
6.3 7.7 4.1 3.3 |. 7.0 
a2 6.5 3.7 3.2 5.6 
7.0 6.3 4.1 2.9 6.1 
6.2 8.6 4.1 2.8 5.8 
9.2 12.3 4.6 3.2 9.6 
10.6 13. 6 6.5 4.4 11.8 
13.8 17.7 7.3 6.3 16.2 
20. 7 90. 4 18.3 58.9 22.7 
28.9 41.0] 162.7 117.9 64.5 
585. 5 UGEEO | Sogeaued |boooncodlacosacse 
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TABLE 8c.—Feed per dozen eggs for 4-week periods, 1914-15—Continued. 


First laying year. 
Period. 
Pen 10. | Pen.11.| Peni12. | Pen13. | Pen14. | Pen15. | Pen 16. 
1914 Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 

November cssess 2222 2255-2: Sede S seer aaaeee eS Relate. | ks oteses eee sacra asceseese 
December... G4). eee 105.7 47.3 Ti), 23,1 |B Ss Salen eee |. ae 
13.2 TH 8.3 7.0 ||. See eee 

Beal 10.4 Syah 4.8 4, 6°) ss see ees 

6.8 7.1 6.1 4.4 4.5 20.7 12.4 

DD 5.3 5.5 3.8 4.6 9.7 weal 

4.7 4.5 4.9 4.1 4.6 6.2 4.5 

5.8 5.1 537) 4.5 4.7 10.5 4.8 

6.8 5.9 4.7 4.3 5.4 12.9 6.8 

6.0 4.8 5.5 4.7 520 92.1 10.3 

(6S) 7.3 6.7 BaD 6.9 62.6 11.8 

Seplembers. -_ 4 ahh 2 5 eee 8.6 12.7 6.9 5.9 7.4 51.9 18.1 
Octobere 2-21 Sass SO 9.0 53.3 12.4 7.4 10.:53 |S eee 44.6 
INOVemDbers: 252). PU. bees Fe eee. EE ae Se a eee ee 27.0 34.2 Si nreceaee A 
Wecember sass) 2 60s5s2 2.4 Se | Pe |ec wes ce eee 18.6 37.9 24.0 159.0 

1916 

Janwaryen Vey 2 Loses 2 Pee [Be eee lel Ree let oct oe eee eee beceaices|- cos. 002s 57.8 30.2 
Mebruaryenseseaass ase a cere |esegeeness| AsHoses abe osactdocee|SussousuEs Boreeeeces 23.4 25.1 


Figures in parentheses are repetitions, put in for comparison; they are not included in the averages. 
For repetition of month of May, see note under Table 4. 


VALUE OF THE EGGS FROM EACH PEN. 


The average value of the eggs per hen, the value over feed cost, 
and the average yearly value of eggs per dozen for each pen is shown 


CLNERAL PURPOSE 
BRELOS 


LE GHOANG ------ 


COTTON SLLO SITLEAL 


WI7?4 BEEF” SCHCA/2 - -- 


Fig. 5.—Average yearly value of eggs per hen over feed cost. 


in Table 9, and some interesting comparisons of breeds and feeds are 
seen in figure 5. The material difference between the excess of egg 
value over feed cost of hens in the first year and that in the second 
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and third years is clearly shown. The average value over feed cost 
the first year from Pens 1 to 6 exceeded that of the second year by 
$1.15 per hen, while the second-year average exceeded the third year 
by 62 cents. The average decrease from the first to the second year 
of the early-hatched general-purpose pens (Nos. 1 to 3) was $1.73, 
compared with 58 cents in the late-hatched pens (Nos. 5 and 6). In 
their third year the average decrease was 76 cents in the early-hatched 
pens and 61 cents in the late-hatched pens. The total value of the 
eges for two years over cost of feed from Pen 4 (Leghorns) was $4.90, 
against $4.34 in Pen 2, the highest of any of the general-purpose pens. 
The total value over feed cost for three years was $6.84 for Pen 4 
(Leghorns), against $4.45 for Pen 2. The value of the eggs over feed 
cost during their third laying year is very much greater for Leghorns 
than for general-purpose fowls, as shown in this table. The highest 
average value over feed cost made by any pen during its pullet year 
was $3.41 i Pen 8 (1914), also a Leghorn pen, which is 15 cents per 
hen higher than the highest general-purpose pen (Pen 2). Present 
prices of eggs and feeds should be carefully compared in considering 
the following table. 


TABLE 9.—Average value of eggs per hen and per dozen. 


1912-13 1913-14 1914-15 
Annual| Aver- Annual} Aver- Annual} Aver- 
Pen. eee value age aes value a pnnual value age 
ae ver value pe over value over value 
ee feed | per, | yon feed per feed | per 

cost. | dozen cost. | dozen cost. | dozen. 

Cents Cents. Cents. 
eS WGC OA ACS Meee I eee $4.03 | $2. 86 33.9 | $2.32] $1.25 31.0} $1.70] $0.39 28.9 
Oa ee eae Ne De eke OF Lys 4, 20 3. 26 34. 6 2.03 1.08 31. 1.34 ell 28.3 
Ds GBAESSE Be See eee eee 3. 66 2.50 84.5 2.11 1.08 32.6 1.52 65 30.5 
Co RCRD aaa e Gene Bee aes 3. 59 2572) 380. 4 3.03 2.18 30.9 2.78 1.94 29.1 
big Skee cuEe es eee Ae BuO 2.17 82.3 2. 82 1.67 33.1 2.14 95 30.9 
Geese ee ee dete ind. 3. 21 1.88 31.9 2. 54 1, 22 32.6 2.11 71 30.0 
Average.........--.--- 3. 67 2. 56 32.9 2.47 1.41 31.9 1.93 .79 29.6 
To nocedo ce bo bab SCs Le oe ees [ees yes |e MRE Pn Ce 38. 33 2.45 32.9 2.76 1.92 30.9 
OEE eet ere Cee es wee renee ee Cel ones 8 4.29 3. 41 32.7 3.74 2. 81 30.1 
OEP ees see saya pee ee eT NL Sd 2.43 1.55 82.5 2.14 1.07 30.8 
IQ obo de abcdedoertnpOesaqe Ser Gees hae Geeenena Menee ner laos sccclG SeeorelGaceas 2.49 1.39 30. 4 
hs 5 oeeodSaBSGU AG Se SRT Te LT eee cl ee eae | Spm aI E2507 (0 RS a 2. 54 1.53 29.8 
OAs oa COO OSS AOI Be Bey Ee arse lee I etd Nee ese a reece Ls 2) 2 lip ea 4.58 3. 14 32.3 
A Rae See a eee era ere aes Syl gs Si= AYA all Shere Sie © = al bic,asere, 2:21 | ER Reetete cele eae 3.98 2.96 32.8 
Ilo Gees Sd Gcep cos spo gee GOOHe | DE oHss {Cone MeMPPE Seno kecllo Gola Wee Mle aes met 4.35 3.03 32.0 
1). 3 bo SoS ASSO TO TET A ates ane IRM |) 2) S03 S01 i a aa .87 | 1—. 04 30.3 
UO. 35 dodoede sass Goce eee oes aesA eet |e ete aes fe Ps” = 3 | ea SA a 1.67 . 63 29.0 


1 The minus sign denotes a loss. 


The averages for Pens 7 to 16 omitted; see note under Table 2. Note present prices of eggs and feed. 


Quotations of nearby eggs on the New York wholesale market were 
used in calculating the market value of these eggs. The prices of a 
dozen eggs used in this bulletin for each year (13 periods of 4 weeks 


34 BULLETIN 561, U. S. DEPARTMENT OF AGRICULTURE. 


each), beginning November 1, are as follows: 61, 49, 44, 38.5, 31.5, 24.5, 
23.5, 24, 27.5, 30.5, 35, 39, and 49 cents, with an average monthly 
price for the year of 36.7 cents. However, farmers do not usually 
receive the prices quoted for ‘‘nearby” eggs, the best of their eggs 
being sold as ‘‘firsts.”’ The quotations for ‘‘firsts’”’ shipped to the 
New York market were as follows for the corresponding periods, be- 
einning November 1: 40, 39, 35.5, 31, 30.5, 20.5, 20.5, 21.5, 22.5, 23.5, 
25, 27.5, and 29 cents, or a monthly average of 28.2 cents. Using 
the latter figures, the average value over feed cost of eggs produced in 
1912-1913 (their pullet year) in Pens 1 to 6 was $1.51, against $2.56 
for nearby eggs, and 93 cents, agaist $1.41 in 1913-1914 (their sec- 
ond year). The average figured on this quotation for Pens 7 to 9 in 
1914 would be $1.80, as against $2.47 for the nearby eggs. It would 
be necessary for a poultryman to secure the prices quoted on nearby 
eggs in order to make a fair profit on the basis of the feed costs given 
in this bulletin. 
BROODINESS IN FOWLS. 


Broodiness has a material bearing on egg production. In this work 
the broody hens were removed to small crates to break up their de- 
sire to sit. The number of times that hens in each pen were put into 
the broody coops is shown in Table 2. The length of time that the 
hens were thus confined varied from 3 to 10 days. Pen 5 contained 
the largest number of broody hens, there having been 111 instances 
in 1913, 82 in 1914, and 46 in 1915. Pen 3, which had the next high- 
est number, contained 14 Buff Orpmgtons, among which broodiness 
was much more frequent than among the 16 Rhode Island Reds 
which made up the rest of the pen. The 11 Orpingtons which were 
in the pen throughout the year (1912-1913) became broody 56 times, 
an average of 5.2 times per hen, against 1.7 times per hen among the 
Rhode Island Reds. Five of the Rhode Island Reds did not become 
broody during the year, while all the Orpingtons were broody at least 
three times. This undoubtedly lowered the egg yield materially in 
Pen 3. Two or more of the Orpimgtons were broody during every 
month of the year except November, while practically all of the 
broodiness among the Rhode Island Reds occurred between the end 
of March and the first of August. The proportion of Orpingtons in 
the other pens was comparatively small, but this same tendency to 
excessive broodiness has been noted in practically all the Buff Or- 
pingtons used at the farm. 

The broodiness in Pen 1 (Rhode Island Reds) in the hens which 
lived through the year (1912-13) was 2.3 times per hen, which was 
more than that of the Rhode Island Reds in Pen 3. The Barred 
Plymouth Rocks in Pen 5 were broody more times than hens of this 
breed in any of the other pens. The greatest broodiness occurred in 
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Pens 3 and 5, where a very large proportion of corn meal (about 65 ~ 
per cent) was fed in the mash. The statement is often made that 
the number of broody hens can be increased by feeding freely on 
corn and corn meal. This would appear to be verified by the total 
broodiness in Pens 3 and 5, all breeds considered; but it is not true 
of the Rhode Island Reds in Pen 3 compared with those in Pen 1. 
Broodiness in the hens in their first, compared with their second 
laying year, averaged about the same for Pens 1 to 6, increasing 
slightly during the second year in Pens 1, 4, and 6, and decreasing 
in the other pens. Broodiness decreased very materially in 1915 
during the third laying year. The percentage of hens of each breed 
broody before April 1 of their pullet year from the early-maturing 
pens (Nos. 1 to 3) was practically the same as from the late-maturing 
pens (Nos. 5and6) exceptin the Buff Orpingtons, where the percentage 
was twice as great in the early-maturing pens. 

Broodiness is probably largely an individual characteristic, more 
or less affected by strains, variety, or breed, and by the quantity of 
corn or corn meal in the ration, but not materially affected by ordi- 
nary differences in rations. Further observations on this character- 
istic are being made in the feeding pens and in a pen of Buff Orping- 
tons in which trap-nest records of the hens are kept. Broody hens 
are occasionally found among the White Leghorns, as shown in all 
of the White Leghorn pens in the year 1913-14. Freedom from 
broodiness accounts for the higher egg production of Leghorns 
during the spring and summer, compared with the general-purpose 
breeds. Frequent broodiness is an undesirable trait in hens kept 
only for egg production, but may be of considerable value in flocks 


‘where natural methods of incubation and brooding are used. 


EFFECT OF THE MOLT ‘ON EGG YIELD. 


Molting materially affects the egg yield, as hens take from 3 to 5 
months to molt and lay few if any eggs while molting. The period 
of molting begins usually about the first of August, but apparently 
varies somewhat with the season. The pullets started to molt 
earlier in 1914 than in 1913. The period of molting was from 3 to 6 
weeks longer in the second laying year than in the first, and was still 
somewhat longer in the third than in the second year, while the 
accompanying period of nonproduction was materially increased in 
the third year. The late-maturing pens started to molt later than 
the early-maturing pens, but took about the same average time to 
molt. No material effect on the molting was apparent from the 
various rations used, although the molting period varied slightly in 
all of the pens. More records of the molting of hens are being kept 
both in the feeding pens and in breeding pens, where individual 
records of egg yield of each hen are kept. 
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A feeding test covering four months made in 1913 in a mixed flock 
of 70 general-purpose pure-bred hens from 1 to 3 years of age, showed 
that no material benefit in molting was secured by the addition of 
10 per cent of linseed meal to the mash. The length of the molting 
period and the egg yield were practically the same as in the check 
pen, although the pen receiving the linseed meal produced more eggs 
during the first part of the molting period and their feathers appeared 
smoother and more glossy during the entire period. 


VARIATION IN WEIGHT OF THE HENS. 


Table 10shows the average weight of the hens in Pens 1 to6 for three 
years; in Pens 7 to 9 for two years; and for one year in the rest of the 
pens. The period of greatest average weight occurs in the spring, 
while the lowest average weight is during the molting period, which 
is also true of the weight of the eggs. The average weights for each 
year are given at the bottom of the table. The figures show a tend- 
ency for the hens of the general-purpose breeds, especially the Barred 
Plymouth Rocks and the White Wyandottes, to become too fat. 
' The increase in the average monthly weight of hens of the general- 
purpose breeds in their second over their first year was about 0.5 
of a pound, compared with an average increase of only 0.16 of a 
pound for the Leghorns. From their second to the third year the 
average increase in the general-purpose pens was 0.22 of a pound, 
compared with 0.17 in Pen 4 (Leghorns). The tendency of the 
method of feeding in Pen 6 to keep the hens too fat is shown in the 
average monthly weights of this pen, which exceeded all the other 
general-purpose pens by 0.45 of a pound, or about 8 per cent. The 
average weights and the increase in weight from the second to third 
year are largest in this pen. 

Pen 9, which did not receive any beef scrap, had a monthly average 
weight of 0.79 of a pound less than the average of the other general- 
purpose hens during their first year. The increase in weight, however, 
from the first to the second year in this nonbeef-scrap pen was 0.55 
of a pound, or about the same as in the beef-scrap pens. Pens 10 
and 11, fed cottonseed meal, averaged 1 pound less in weight than 
Pen 12, fed beef scrap. The average weight of Pens 15 and 16, 
also cottonseed-meal pens, is much below the average of the beef- 
scrap pens. The hens in the pens fed cottonseed meal were thin 
and in poor flesh all the time. This was probably partly due to the 
fact that these hens did not like the cottonseed meal and atea 
very small amount of the mash. Their total feed consumption was 
considerably below that of the beef-scrap pens. The results secured 
with cottonseed meal are discussed more in detail on page 13. 


Pen | Pen | Pen | Pen 
Month. fla fob ll ined ba 
1912. Lbs.| Lbs.| Lbs.| Lbs 
November........] 5.45) 5.22] 4.83)....-. 
December. ......- 5.17) 5.63) 5.56)... .. 
- 1913 
January.........- 5.56] 5.67] 5.73] 3.23 
February......---| 5.88) 5.78) 5.91] 3.28 
Miareheeceemenie sce 6.06} 6.02] 5.82) 3.37 
Aprile aseh 3.3246 6.11] 6.29] 5.92] 3.36 
IMA ee aneccoaesee 5. 83] 6.08] 5.63] 3.38 
JUNERY. ysseiein fs 5.73} 6.08] 5.47] 3.18 
li: « veteiseeeie= 5.65] 6.13) 5.45) 3.16 
August........... 5.39] 5.84] 5.28) 3.14 
September......-. 5.46} 5.98) 5.47] 3.10 
October........-- 5.85] 6.19! 5.77) 3.04 
November........| 5.56} 5.81] 5.71) 3.18 
December.......- 6.00) 5.85) 6.03] 3.40 
1914. 
January.....-...- 6.45) 6.25) 6.30) 3.59 
February........-| 7.01] 6.92) 6.80) 3.43 
Mianchitesren tenis sr 6. 86} 7.06} 6.81) 3.30 
AtprilaH 3. 0b kd 6.80) 6.83) 6.33] 3.38 
IMMA VE Cea cleraieai- 6.38] 6.85] 5.73] 3.43 
PUM He wae ees 6.34] 6.28] 5.52] 3.36 
duh aesaaceseeeses 6.47] 6.23] 5.57) 3.39 
August........... 6.41] 6.42] 5.74] 3.25 
September......-. 6.36] 6.30) 5.85) 3.03 
October.......... 5.95] 5.97} 5.90) 3.09 
November........} 5.97] 5.70) 6.07! 3.14 
December.......- 6.10} 5.76) 5.98] 3.23 
1915. 
January.........- 6. 48} 6.28] 6.57} 3.69 
February........-| 6.92] 6.93) 7.24! 3.90 
Miinc heemenentee= 7.18] 7.54] 7.35) 3.67 
April ............- 7.14] 7.12) 6.74].3.61 
IMB: oaes,<rjejn.¢)555 6. 74| 6.73} 5.93] 3.57 
UNE Ee coe ecats 6.69] 6.82) 5.88] 3.53 
Auilivj teeters 6.45] 6.56) 5.98] 3.42 
Auguste. 28 25a): 6.44] 6.55] 5.81] 3.40 
September....... 6. 63] 6.43] 5.87! 3.29 
October.......... 6.30} 6.00} 5.85) 2.93 
November......../....-|..---|.---- 3.19 
December........].....]-..--|----- 3.42 
1916. 
(AMEN oooSabae slesees bee Beoee loeaes 
@OUURIAY SG odadedlooded |code baer pasos 
Annual averages: 
ON. sancdoaee 68] 5.91} 5.57) 3.23 
soc aees e 6.38} 6.40} 6.02) 3.30 
TOUS See 338 6.58} 6.54] 6.27) 3.47 
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TasiE 10.— Monthly average weight per hen. 
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Pen} Pen! Pen} Pen} Pen| Pen | Pen! Pen 


Pen | Pen | Pen| Pen 

6. 7. | 8 | 9. | 10. | 11. 
Lbs.| Lbs.| Lbs.| Lbs 
REG). GAS sc oclaccos|Ossauleseurlloosar 
aU GRC se Wd Bs clos Ga llaeoteligbods ladda 
GE 146528 ||: Ses eee ees lec eietene 
tet | Seu P aliscocclloascalloogeclooons 
BSWGRE SIMS. SCS Aula ae we sees 
SE ONS 6.2.c]socccllocoudloscacllaccos 
EEA OSM SS ccllbooscllecssallssebellesess 
HBCU Cpe oo allbooscldacos Sanoblesnerd 
ESA! GOMES co alloobccllebsediocabaldsood 
EG SEOAES oslo bealluasadlescon|laccee 
GPE Gee Wh eS< cllbcooelegeealldesealtooae 
6.16] 6.50) 3.40} 3.32] 5.36)-....)-...- 
6.32] 6.75) 3.421 3.29) 5.43].....)--..- 
6.70) 7.15} 3.40] 3.31) 5.67|.....]-..-- 
6.79] 7.22] 3.48] 3.47] 5.53)....-)-...- 
6. 59} 7.16] 2.92} 3.50) 5.18).....]...-- 
6.37] 6.66] 3.15] 3.50) 4.76).....|-..-- 
6.27] 6.65} 3.05} 3.31] 4.67|.....|-..-- 
6.21] 6.63] 3.03} 3.32] 4.59]...../....- 
6.00} 6.57] 3.18] 3.19) 4.38]...../...-- 
6.11) 6.30) 3.22) 3.13) 4.55).....|-..-- 
6. 20) 6. 53} 3.16} 3.29) 4.87)....-|...-- 
6.00! 6.44! 8.51] 3.52! 5.42! 3.44] 3.70 
5.93] 6.64] 3.68] 3.38] 5.62] 3.71] 3.91 
6. 66] 7.26] 3.81] 3.61] 5.69] 4.01] 4.64 
6.92] 7.63] 3.76] 3.95] 6.02] 4.35] 4.83 
6.90) 7.51) 3.54] 3.85) 5.86] 4.34] 4.63 
6.82] 7.42] 3.45) 3.68] 5.63) 4.33] 4.30) 
6.57| 7.27] 3.10} 8.75] 5.53} 4.27) 4.03 
6. 48] 6.89] 3.12] 3.82] 5.75} 4.35] 4.22 
6.44] 6.86] 3.13] 3.75) 5.43] 4.21] 4.21 
6.55] 6.83} 3.16] 3.53] 5.24} 4.18] 4.13 
6. 43] 6.69] 3.30] 3.53] 5.18) 4.43] 4.24 
6.03] 6.38} 3.45] 3.41) 5.44] 4.48] 4.23 
6.13} 6.50} 3.20] 3.14) 5.59}.....[...-- 
CEPA Soon llecooclbocanlooocclenade 
B7(5)| salts Goo odlocccclloobocllagoudiccaos 
6.29] 6.72) 3.24] 3.35) 5.03].....|...-- 
6.51) 7.01] 3.40) 3.61} 5.58} 4.18] 4.25 
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MANTUA 


RO CIOS Se Or Or 
ere ONTO NT OW AI 


13. | 14. | 15. | 16. 


.| Lbs.| Lbs.| Lbs.| Lbs.| Lbs.| Lbs.| Lbs.| Lbs. 


E> HES CHE CR OIAG 
SW OORe 


PPALLLALLL LLLP 
x 
fer) 
(JS) 
for) 
S 
(J) 
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4.95] 4.65) 3.92) 4.11 


The proportion of grain and mash, the cost of 100 pounds of the 


ration, and the nutritive ratio are given in Table 11. 


The cost of 


100 pounds of feed from the different rations varies somewhat 
according to the proportion of mash and grain and to the nature of 
the ration, although this difference is not large except in Pen 9, in 
which the feed is from 10 to 20 cents per 100 pounds cheaper than in 
The nutritive ratio and the cost of the ration in 
the cottonseed pens (Nos. 10, 11, 15, and 16) was quite low, but the 
cost of production was very high. The cost of the ration in Pen 9 
is the lowest because it does not contain beef scrap, but this ration 
produced eggs at the highest cost per dozen during the pullet year 


the other pens. 
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in the pens with which it is directly comparable (Nos. 1, 2, and 3 ir 
1912-1913). 

The lower the nutritive ratio the higher the cost of feed per 100 
pounds, because of the higher protein content. The nutritive ratio 
widened considerably in 1915 in all the pens which were allowed to 
balance their own ration (Nos. 3, 4, and 7), regardless of whether it 
was their second or third laying year. The hens apparently did not 
relish the beef scrap as well in 1915 as in the previous year, although 
the same brand of beef scrap was used. This widening of the ration 
in Pens 3, 4, and 7, compared with Pens 5 and 8 where the beef scrap 
was constant, did not change the relative position of these pens in 
cost of egg production, but may have tended to lower the actual 
production. The highest-priced ration, that used in Pen 6, was high 
in price because of the small proportion of ground feed, and produced 
eggs at the highest cost of any pen during its first two years, regardless 
of conditions. The rations fed in the different pens are given in 
Table 1. 


TABLE 11.—Proportion of grain and mash in ration, cost per 100 pounds, and nutritive 


ratro. 
Ration. Ration. 
Nutri- Nutri- 
Year. | Pen. Gas ive Year. | Pen. Cost uve 
Grain. | Mash. | per 100 Hee Grain. | Mash. | per 100 RET 
pounds. pounds. 
Per cent.| Percent. Percent. | Percent. 

1913 65 35 $1. 58 1:4.5 1914 7 53 47 $1. 56 1: 4.7 
1914 56 44 T57, 1: 4.0 1915 45 55 1. 50 1: 6.4 
1915 45 55 1.59 L354 

1914 8 57 43 1.58 110 955 
1913 2 tA 24 1.59 1:5.6 1915 52 48 1.60 1: 4.2 
1914 58 42 1.59 1:4.3 
1915 47 53 1.62 LBai, 1914 9 70 30 1. 43 1: 7:8 

1915 52 48 1. 43 1: 7.4 

1913 | 3 64 36 1. 56 W555 
1914 52 48 1.55 qisf5a! 1915 10 61 39 1.49 1: 4.9 
1915 43 57 1.49 1:6.9 

1915 11 54 46 1.50 1: 4.6 
1913 4 67 33 ueGY/ 1159 
1914 54 46 1. 56 1:4.8 1915 12 48 52 1.61 era 
1915 50 50 1. 48 NB ht! 

1915 13 50 50 1.51 1:4.5 
1913 5 59 41 153. e522 
1914 47 53 1. 57 1:4.7 1915 14 46 54 1.57 1:4.1 
1915 43 57 1.57 1:4.5 

1915 15 56 44 1.49 1: 4.6 
1913 6 84 16 1. 63 1:4.8 
1914 74 26 1. 60 1:4.9 1915 16 69 31 1.50 1: 5.4 
1915 7 27 1.55 1:5.9 


The nutritive ratios are narrower in all the pens except Pen 6 in 
their second year, especially in Pens 1 and 2, because the proportion 
of mash was considerably increased. These ratios are still narrower 
in their third year (1915), except in those pens allowed to select 
their own mash constituents. The feeds and method of feeding 
have as much if not more influence on results as the nutritive ratio, 
as shown in the case of Pen 9, which has a very wide nutritive ratio 
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and one which is supposed to represent a fattening ration, but the 
birds gained less in weight and were thinner throughout the year in 
this pen than in any of the other general-purpose pens (see Table 10). 
This ration, however, was deficient in animal protein. The hens 
increased more in weight and were fatter in Pen 6 than in any other 
pen, although the nutritive ratio was lower in this pen than in several 
of the other general-purpose pens. However, with similar methods 
of feeding and normal rations, the wider nutritive ratios represent 
the most fattening rations. A nutritive ratio of about 1 to 4.5 has 
given good results in all of these experiments, although satisfactory 
results were secured on rations having widely varying ratios. 

The digestible nutrients in 100 pounds of the various feeds used 
are shown in Table 12, while Table 13 shows these digestible nutrients 
in 100 pounds of the actual feed or ration given to each pen during 
these experiments. The digestibility of the feeds in these tables 
is based on experiments conducted with farm animals, as no figures 
of this nature are available on poultry. 


TABLE 12.—Dvgestible nutrients in 100 pounds of feeds used. 


Crude Carbo- ' Crude Carbo- 
Feed. protein. |hydrates. Fat. Feed. protein. |hydrates.| Fat- 
Pounds. | Pounds. | Pounds. Pounds. | Pounds. | Pounds. 
Wheat......2....-- 8.8 67.5 1.5 || Wheat bran......-. 11.9 42.0 2.5 
@atswee cesses oc. 8.8 49. 2 4.3 || Wheat middlings. - 13.0 45.7 4.5 
Cornea P58 7.8 66.8 4.3 || Beefserap........-- 66527 ee 13. 4 
Barley = osseace- 4-8 8.4 65. 3 1.6 || Cottonseed meal.... 37.6 21.4 9.6 
Corn meal.......--- 6.1 64.3 3.5 || Fish meal........-. 60.5 }..----.--- 14.6 
TABLE 13.—Digestible nutrients in 100 pounds of feed consumed. 
, Nutri- Nutri- 
Crude |Carbohy- ra Crude |Carbohy- : 
Pen.} Year. protein. | drates. Fat. aun’ Pen. | Year. protein. | drates. Fat. ave 
Pounds. | Pounds.) Pounds. Pounds.| Pounds.| Pounds. 
1 1913 14.1 §3. 1 4.3 1:4.5 6 1913 13. 4 56. 4 3.9 1:4.8 
1914 15. 4 51.0 4.5 1:4.0 1914 13.1 56.0 3.9 1:4.9 
1915 17.1 48.3 4.8) 1:3.4 1915 11.2 57.8 3.6] 1:5.9 
2| 1913 12.1 60. 1 3.6] 1:5.6 7 | 1914 13.9 55. 0 4.4] 1:4.7 
1914 15.0 64.3 4.2 1:4.3 1915 10.6 58. 9 4.0 1:6.4 
1915 16.8 51.5 45+) 1-33.7 
8 | 1914 14. 4 54.6 4.5) 1:4.5 
3] 1913 12.1 56. 6 44) 195.5 1915 15.1 53. 7 4.6] 1:4.2 
1914 |} 12.9 55. 8 4.3 1:5.1 
1915 9.8 59.3 3.8] 1:6.9 9} 1914 8.5 58. 4 OAs | PeLesalsets 
1915 8.8 57.6 3.3 1:7.4 
4] 1913 13. 2 55. 9 4.3 | 1:5.0 
1914 13.5 55. 3 4.4 1:4.8 10 | 1915 12.6 53. 1 4.1 1:49 
1915 8.9 60. 7 3.7 1:7.7 il 1915 13.5 52.1 4.3 1:4.6 
12 1915 15. 6 53. 2 4.7 1:41 
5 1913 12.5 56. 0 4.2 1:5.2 13 1915 14.0 52.2 4.5 1:4.5 
1914 13.8 54. 4 4.4 1:4.7 14 1915 15.1 51. 4 4.5 1:4.1 
1915 14.3 53. 8 4.5 1:4.5 15 1915 13. 2 51.9 4,2 1:4.6 
16 1915 12.0 55. 1 4.0 1:5.4 
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Digestible protein, energy values, and total dry matter of the 
feedstuffs, as given in Department of Agriculture Bulletin No. 459, 
are shown in Table 14. These values are those worked out for farm 
animals; no figures of this kind are available in poultry feeding. 
Detailed figures showing the energy values of the rations used are 
given in Table 15, based on the assumption that these figures apply 
more or less accurately to poultry. 


TABLE 14.—Average dry matter, digestible true protein, and net energy values in 100 
pounds of various poultry feeds. 


| 
Dry |Digestible Net Dry |Digestible| Net 
Feed. matter. | protein. | energy. Feed. matter. | protein. | energy. 

Pounds. | Pounds. | Therms1 Pounds. | Pounds. | Therms.+ 
IWihestae se ciecan A 89.8 8.1 91. 82 ||} Wheat bran........ 89.9 10.8- 53. 00 
Oalstoteemcmeete ce 90. 8 8.7 67.56 |} Wheat middlings. .. 89.6 12.0 59. 10 
CormP es iese ees 89.5 7.0 89.168) eBeefiscrap: 2. 5: 92.5 45.5 72. 96 
IBaLleynene set eacoce 90.7 8.3 89.94 || Cottonseed meal... 92.5 35.4 93. 46 
Corn meal........-- 88. 7 6.4 88. 75 “ 


1 A therm is the quantity of heat required to raise the temperature of 1,000 kilograms (2,204.6 pounds) of 
water 1° C. It is equal to 1,000 large, or kilogram, calories. 


TaBLeE 15.—Dry matter, digestible protein, and energy values in 100 pounds of feed con- 


sumed. 
Digest- Digest- 
= Dry : Net r Dry F Net 
Pen.| Year. matter een energy. Pen.| Year. matter. poten energy. 
Pounds. | Pounds. | Therms. Pounds. | Pounds. | Therms. 
1 1913 90. 0 11. 70 77.77 7 1914 89.9 11. 58 82. 36 
1914 90. 2 12. 66 76. 50 1915 89.6 9.35 84. 56 
1915 90. 0 13. 86 74. 82 
8 1914 90. 11. 90 82. 50 
2 1913 89.6 10.17 85. 04 1915 89.8 12.31 §2. 38 
1914 89.8 12. 22 81. 25 
1915 89.8 13. 46 78. 57 9 1914 89.8 8. 46 78. 64 
1915 89.4 8.39 77. 61 
3 1913 89.9 10. 33 81. 66 
1914 89.8 10. 90 82. 16 10 1915 90. 1 11. 88 79. 77 
1915 89.5 8. 88 83. 83 
11 1915 90. 1 12. 46 79. 50 
4 1913 89.7 11. 06 82. 39 
1914 89.9 11. 26 82. 38 12 1915 89.8 12. 61 82. 34 
1915 89. 4 8. 24 $4. 64 
14 1915 89.9 12. 45 77. 25 
5 1913 89.8 10. 66 81. 58 
1914 89.8 11. 52 81. 26 15 1915 90.2 - 12. 46 79. 34 
1915 89.8 11.78 81. 06 
16 1915 90. 2 10. 97 80. 68 
6 1913 90. 4 11.31 82. 81 
1914 90. 3 11.16 81.77 
1915 90. 1 9.91 | 81.67 
SUMMARY. 


This bulletin shows the results obtained in feeding experiments 
covering 3 years’ work. In the third year 16 pens were under obser- 
vation, containing a total of 366 laying hens. 

The average egg yield for the first laying year in all pens was 131 
eggs, and the highest pen average yield was 169.5 eggs. In the 
second year the average egg yield of all pens was 92.7 eggs, which 
decreased to 78.2 eggs in the third laying year. 


FEED COST OF EGG PRODUCTION. 4] 


Eggs were produced at an average cost for feed only of 10 cents a 
dozen during the pullet year, of 14 cents in the second year, and 19 
cents in the third year. 

Prices of individual grains in 1917 are from 20 to 100 per cent 
‘ higher than the prices used in this bulletin, which should be care- 
fully considered in estimating the present cost of egg production. 

The average value of eggs over feed cost the first laying year was 
$2.56 per hen, falling to $1.41 the second year, and to $0.79 the third 
year. The highest average value in any pen was $3.41 (Pen 8). 

The general-purpose fowls consumed annually 72 pounds of feed 
which cost $1.13, while the Leghorns ate 55 pounds, which cost 87 
cents. 

Good results were obtained with rations both with and without 
oats. The use of this grain added variety to the ration without 
increasing the cost. _ 

Fowls not fed any beef scrap or other animal protein laid only 
90 eges during their pullet year compared with 137 eggs from the 
beef-scrap pens, and 84 compared with 83 in their second year. The 
eges of the no beef scrap pens cost about 2.2 cents per dozen more to 
produce the first laying year, but these costs were about equal during 
the second year. The fowls not fed beef scrap laid very poorly in 
winter, thus materially reducing the value of their eggs. 

Cottonseed meal used in place of beef scrap as a high-protein feed 
in the ration produced brown or greenish spots on the yolks of the 
eggs, especially in warm weather, making a considerable proportion 
of them unfit for market. Eggs were produced more cheaply and 
at a considerably greater profit on the beef-scrap ration. 

Fish meal at $7 a ton less. than beef scrap proved to be a good high- 
protein feed, which can be used to advantage to replace beef scrap. 
The fish meal did not in any way affect the flavor or quality of the 
eggs. 

General-purpose fowls allowed to select their own mash con- 
stituents ate a dry mash containing about 63 per cent corn meal, 
19 per cent beef scrap, 9 per cent bran, and 9 per cent middlings. 
Leghorns ate a mash of about 66 per cent corn meal, 26 per cent beef 
scrap, and 4 per cent each of bran and middlings. No better results 
were obtained by this method of feeding than where the ground 
grains were mixed together in a mash. 

Good mashes, as indicated by these experiments, may be made of 
66 per cent corn meal, 26 per cent beef scrap, and 4 per cent each of 
bran and middlings, or 2 pounds of corn meal and 1 pound each of 
bran, middlings, and beef scrap, with a scratch feed in each ration 
of equal parts by weight of cracked corn, wheat, and oats, which is 
fed so that the hens receive about equal parts of scratch feed and of 
mash. 
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The Leghorns on free range gave a considerably greater egg yield 
than those confined to a fair-sized yard. This difference was less 
marked in the general-purpose hens. 

Sprouted oats fed as green feed to hens confined to yards cost . 
about 10 cents per hen a year and 1 cent per dozen eggs, not including 
any charges for labor and equipment. The hens ate on an average 
in one year about 1.3 pounds of oyster shell and 0.7 of a pound of 
erit, which together cost about 1 cent per hen. 

The Leghorns did not lay as well in the winter as the general- 
purpose breeds, especially during their second year, but the Leghorns 
produced eggs about 3 cents per dozen cheaper during their first year, 
6.4 cents cheaper in their second year, and 9.8 cents cheaper in their 
third year than the general-purpose breeds. One pen of Leghorn 
pullets (Pen 8) produced eggs in their first year at a feed cost of 6.7 
cents per dozen, while the value of the eggs per-hen for the year was 
$3.41 over cost of feed. 

The average weight of a dozen eggs from the general-purpose fowls 
during their pullet year was 1.53 pounds, 1.60 during their second 
year, and 1.63 during their third laymg year. The eggs from the 
Leghorns averaged 1.45 pounds during their pullet year, and 1.49 
during their second and third years. 

The egg production of the general-purpose fowls decreased 32 per 
cent in their second laying year. The decrease was considerably 
less in the Leghorns, their 2-year average ege production exceeding 
that of the general-purpose breeds by 19 eggs. ‘The decrease in pro- 
duction from the second to the third year was only 4 per cent with 
the Leghorns, compared with 13 per cent in the general-purpose 
breeds. 

The cheapest eggs are produced in the spring, during April, May, 
and June, while the greatest costs occur in October, November, and 
December. The lowest monthly feed cost of a dozen eggs in any of 
these experiments was 4 cents, while in some cases no eggs at all 
were produced during the month. 
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IMPORTANCE OF THE DISEASE. 


Tobacco wilt is a very serious disease in portions of the flue-cured 
district of Virginia and the Carolinas, the cigar-leaf district of 


1This bulletin presents the results of investigations conducted jointly by the North 
Carolina Agricultural Experiment Station and the Bureau of Plant Industry for the pur- 
pose of working out practical methods for the control of tobacco wilt. The experiment 
station began studies to this end in 1903 and the work has been continued from that 
time. In 1910 cooperation with the Office of Tobacco Investigations, Bureau of Plant In- 
dustry, was effected, and the scope of the work was considerably extended. On behalf of 
the experiment station, the work has been directed successively by Dr. F. L. Stevens, Prof. 
H. R. Fulton, and one of the present writers. Messrs. W. G. Sackett, J. G. Hall, E. H. 
Cooper, R. O. Cromwell, W. C. Norton, and EH. E. Stanford, assistants at the experiment 
station, have actively participated in the investigations, 
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western Florida and southern Georgia, and in several foreign coun- 
tries. The disease was first brought to public attention in this 
country in 1903, when its occurrence in Granville County, N. C., was 
described in separate publications by R. E. B. McKenney (5),1 of 
the Bureau of Plant Industry of the United States Department of 
Agriculture, and F. L. Stevens and W. G. Sackett (10), of the North 
Carolina Agricultural Experiment Station. Because of the possible 
existence of other tobacco wilts Stevens and Sackett designated the 
disease in question “ Granville wilt,” from the name of the county in 
which it was first definitely recognized. Additional information 
regarding the occurrence and nature of the disease is contained in a 
bulletin by Erwin F. Smith (7) which appeared in 1908. 

It is not known when the wilt first appeared in the flue-cured dis- 
trict of southern Virginia and the Carolinas, but it seems to have 
been known to the farmers of Granville County at least as early as 
1881. Asa result of extensive investigations in this country and in 
the Dutch East Indies and Japan, it appears to have been definitely 
established that a wilt of tobacco which has long existed in the latter 
countries is identical with the Granville wilt (8).? In this country, 
tobacco growers in sections where the disease is known speak of it 
simply as tobacco wilt, and this name is retained in the present 
bulletin. 

Since it first came under observation in Granville County, the 
wilt has continued to spread, and usually when a field once be- 
comes infested subsequent crops of tobacco are increasingly at- 
tacked until a practically complete failure of the crop results. The 
wilt is an exceedingly destructive disease locally, and in the south- 
ern portion of Granville County it has caused the abandonment of 
tobacco culture on many farms. The disease has been most destruc- 
tive in the region which enjoys the reputation of producing the finest 
quality of flue-cured tobacco grown in the country, and the aggre- 
gate loss to farmers is very large, although difficult to estimate ac- 
curately. The loss is serious every year, although varying con- 
siderably, depending on seasonal conditions. The plants are killed 
outright and a loss of 25 to 40 per cent is not unusual, while on 
many fields the crop is practically a total loss. Should the disease 
become destructive throughout the flue-cured district it would practi- 
cally stop the production of this type of tobacco, the annual value of 
which is 30 million dollars. 

1 Serial numbers in parentheses refer to ‘‘ Literature cited,” page 20. 

2The disease in Sumatra appears to have been first studied by Janse (4) in 1892 and 
later by Van Breda de Haan (1) and Honing (2), who spoke of it as a ‘‘ slime sickness.” 


According to Uyeda (11) the disease is known in Japan as stem-rot, black-leg, and wilt 
disease and was mentioned in a book on tobacco culture published in 1881. 
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SYMPTOMS OF TOBACCO WILT. 


The disease affects the entire plant, leaves, stem, and roots, in a 
characteristic manner. It may attack plants in any stage of de- 
velopment, but usually symptoms first appear two to four weeks 
after transplanting. During the period of rapid growth which fol- 
lows as soon as the tobacco plants have become established after trans- 
planting, the number of wilted plants increases rapidly, reaching 
the maximum at about the usual time for topping. Under certain 
conditions there are exceptions to this progressive increase of wilt. 


LEAVES. 


The first decided indication of the presence of wilt is the drooping 
of one or more leaves of the plant. This wilting usually comes on 
gradually, requiring several days to become prominent, and growers 
familiar with the disease are often able to detect the first symptoms of 
wilting a day or two before the layman would observe anything un- 
usual about the plant. Affected leaves also may be somewhat distorted 
and wrinkled. At first there is no discoloration, but the leaves soon 
become pale green, especially between the larger veins, and then the 
leaf gradually turns yellow. Meanwhile the midrib and the veins 
have become limp and droop in a characteristic, umbrellalike manner, 
which persists even after the leaves and the stalk become brown and 
crisp. In some cases the leaves on one side of the plant wilt first, 
and sometimes only half the leaf is affected at first. 


STALK. 


In the early stages of wilt, if the tobacco stalk is cut across with a 
knife the woody portion shows a yellowish discoloration, which be- 
comes brownish or black as the disease progresses, especially in the 
lower part of the stalk. By stripping off the bark the discoloration 
appears as longitudinal streaks. In the advanced stages the pith also 
becomes affected. The inner bark also decays, and as the wet rot 
extends outward dry, blackened areas appear on the surface of the 
stall. Pressure on discolored stalks will force out from the cut ends 
an opaque, dirty white ooze, very different in appearance from the 
normal cell sap.: 

ROOTS. 


The organism causing the disease enters the plant through the 
roots, so that by the time the leaves begin to wilt the roots will show 
more or less decay. When cut across with a knife the affected roots 
in the earlier stages will show a dark discoloration in the woody por- 
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tion lying near the bark. ‘This discoloration appears as longitudinal 
streaks in this portion of the root, just as it does in the corresponding 
part of the stalk. In the early stages of the disease only a few 
of the roots are attacked, but eventually the whole root system is 
involved. 

There are other diseases of tobacco involving decay of the stalk, 
especially the so-called sore-shin, or sore-shank, which have been mis- 
taken for the wilt, but the presence of a characteristic slimy ooze 
when the stalk is cut and the black streaks in the woody portion are 
usually sufficient to distinguish the wilt from other diseases. In 
typical sore-shin, moreover, the stalk rots near the base, causing the 
plant to topple over. 


CAUSE OF THE DISEASE AND ITS PRESENT DISTRIBUTION. 


Tobacco wilt is caused by Bacterium solanacearum E. F. S. This 
is a well-known organism, first studied by Dr. Erwin F. Smith (6), 
which causes a destructive rot of the tomato and Irish potato and 
attacks many other plants besides these and tobacco. In infected 
tobacco plants the bacteria soon become so abundant in the woody 
vessels that these become plugged, thus cutting off the water supply 
of the leaves, thereby causing them to wilt. If only the vessels on 
one side of the plant first become clogged, then only the leaves on 
that side of the plant will at first wilt. Naturally, with the water 
supply cut off, no further development of the leaves is possible and 
the plant must soon die. Various theories as to the cause of tobacco 
wilt have been put forward by farmers, and it has been believed by 
many that the fertilizers used on the tobacco crop have been re- 
sponsible in some way for the appearance of the disease. It is true 
that fertilizers, cultural methods, weather conditions, and the lke 
may influence the extent of progress of the disease, but, as already in- 
dicated, there is no doubt whatever that the disease is due to a specific 
parasite. 

Ag has been stated, tobacco wilt, though designated by other names, 
has long been known in Sumatra and Java and in Japan. In this 
country it was first found in Granville County, N. C., but about 10 
years ago it made its appearance in the cigar-tobacco district of 
Gadsden County, Fla., and Decatur County, Ga.,- probably having 
been introduced there through tobacco stems used as fertilizer which 
came from the wilt district of North Carolina. For a number of 
years the disease in Granville County was confined to the southern 
portion of the county lying between the Tar and Neuse Rivers. This 
happens to be the section enjoying the reputation of producing the 
finest flue-cured tobacco grown in this country. Within this area 
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the spread of the disease has been rather rapid, so that now but few 
farms are free from it. The disease has not spread so rapidly out- 
side of this section, although it has long since crossed the above- 
mentioned rivers. It has reached the adjoining counties of Vance, 
Durham, Wake, and Franklin and also has been found in Ashe, 
Guilford, Greene, Chatham, Davidson, and Yadkin Counties. It is 
quite possible that tobacco wilt also exists in other sections of the 
flue-cured district. Although the outward spread of this wilt is not 
particularly rapid, its progress is none the less certain, and onze 
established it is exceedingly persistent and exceptionally destructive. 


SUSCEPTIBILITY OF SPECIES AND VARIETIES OF TOBACCQ 
TO THE WILT. 


In dealing with the problem of control the first line of attack was 
the search for resistant varieties of tobacco. The simplest solution, 
of course, would be the discovery of a resistant type in the standard 
native varieties used in growing flue-cured tobacco. Failing in this, 
the next step would be to find a resistant type among the numerous 
varieties used in growing other classes or kinds of tobacco which are 
produced in this and foreign countries. If such a resistant type 
could be found, it could be crossed with the native flue-cured varieties 
with a fair prospect of obtaining a new variety combining the re- 
sistant properties of the foreign with the commercial qualities of the 
native varieties. For several years past extensive tests have been 
made with nearly all available varieties, including many from foreign 
countries, but while some varieties have been found to be less sus- 
ceptible than others the resistance was not sufficient to meet practical 
requirements. Although the final results were negative, it seems 
desirable to summarize briefly the work along these lines. In making 
the tests the general plan has been to grow the different varieties in 
rows side by side on soil known to be badly diseased, including occa- 
sional rows of a standard native variety, so as to measure the rela- 
tive degree to which the different parts of the field were diseased. 
Records of the number of healthy plants and the number dead or 
wilted were made at intervals during the growing period, the last 
records being taken when the plants had reached maturity. 

In the first tests, made in 1904, 62 varieties or types known by 
distinctive varietal names were used.1 These included some 25 
subvarieties or strains of Oronoco, several of the Pryors, White 
Burley, Maryland, the Broadleaf, or Seedleaf, and Havana Seed 
types of the northern cigar-leaf districts and domestic and imported 


1Wor further details of the tests, see Stevens, F. L. (9). 
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Cuban, Turkish, and Sumatra tobaecos. Practically all domestic 
types of tobacco were represented, but none showed a high degree 
of resistance, 70 to 90 per cent of the plants succumbing to the dis- 
ease. Work with local flue-cured varieties has been continued up 
to the present. Each year seed from plants which had survived in 
the previous year’s test has been planted, but no progress has been 
made in developing a resistant strain. In the tests with foreign 
varieties, including varieties from South America, Mexico, Cuba, 
Sumatra, Turkey in Asia, Turkey in Europe, Italy, and Russia, it 
was found that the Sumatra, a Turkish variety from Cavala in Mace- 
donia, and a variety from Italy designated by Comes as Nicotiana 
tabacum fruticosa showed considerable resistance to the wilt, and 
selections from these were grown for several years. The Sumatra 
and Turkish were crossed also with the local flue-cured type in an 
effort to develop a highly resistant commercial variety. The most 
striking feature of these experiments was the fact that the resistance 
of the above-mentioned varieties depends largely on seasonal con- 
ditions. Under conditions tending to produce slow growth, par- 
ticularly dry weather, these varieties have shown a relatively high 
degree of resistance, and in some years less than 10 per cent of the 
plants died. Under conditions favering rapid growth, especially 
periods of wet weather, on the other hand, nearly all plants died. 
No highly resistant types were obtained from any of the hybrids. 

A type of imported Cuban tobacco showed a resistance of 12 per 
cent in 1911, 96 per cent in 1912, 78 per cent in 1913, and 46 per 
cent in 1914, variations apparently due to seasonal conditions. Tak- 
ing the tests as a whole, the Sumatra variety has shown the highest 
resistance of all varieties. In this connection it should be stated 
that Honing (2), working along the same lines in Sumatra, tested 
varieties from various parts of the world, including 30 or more 
American varieties, and found none more resistant than the native 
Deli (Sumatra). The Halladay, a type developed in Connecticut 
from a cross of Sumatra on Connecticut Havana, also has shown con- 
siderable resistance in the present tests. 

Since the investigations failed to show sufficient resistance in any 
of the varieties of tobacco belonging to the ordinary species grown 
in America (Vicotiana tabacum), 1t seemed worth while to test 
various other species, wild and cultivated. Tests were made with 
several varieties of Nicotiana rustica from Italy, Russia, China, and 
elsewhere, but all of these were found to be very susceptible. Other 
species tried were longiflora, glauca, glutinosa, lungsdorfit, silvestris, 
affints, and sanderae (hybrid), none of which showed higher resist- 
ance than the ordinary tobaccos. 
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~RELATION OF THE PHYSICAL AND CHEMICAL PROPERTIES OF 
THE SOIL TO THE WILT. 


The second line of attack in searching for a practical method of 
controlling the wilt was to determine whether the soil could be 
treated by chemical or physical methods which would destroy the 
organism causing the trouble or weaken its activity. In 1904 a series 
of field plats on infested soil at Creedmoor, N. C., was given various 
chemical treatments before being set to tobacco. Heavy applica- 
tions of powerful disinfectants, including several salts of copper, 
formalin, corrosive sublimate, permanganate of potash, carbolic 
acid, iron sulphate, and sulphur, were tried. Strong acidsand alkalis 
and excessive applications of potash, nitrogen, and phosphoric acid 
also were tested. None of the treatments gave any promise of suc- 
cess in practical tobacco culture. In 1910 another series of field 
tests with chemicals was made on a diseased field near Creedmoor, 
including a more extensive study of the effect of acid and alkaline 
conditions on the disease. The effects on the wilt of soluble forms 
of calcium, magnesium, silicon, aluminum, iron, and manganese 
were tested, but without results, these tests being based on the 
assumption that the wilt is not to be feared in soils containing large 
amounts of clay. Various fertilizer treatments were tried, only 
materials tending to produce alkaline conditions being used on some 
plats, while on others only substances favoring an acid reaction were 
employed. For example, one plat received per acre 200 pounds of 
carbonate of potash, 600 pounds of basic slag, 250 pounds of nitrate 
of soda, 500. pounds of cottonseed meal, and 2,000 pounds of burned 
lime, while another received equivalent amounts of sulphate of potash, 
acid phosphate, ammonium sulphate, and acid sodium sulphate. 
None of these treatments produced any decided effect on the amount 
of wilt. 

In the following year, in order better to control the experimental 
conditions, a large number of glazed-tile cylinders 24 feet long and 
2 feet in diameter were set in the ground so as to leave about 3 
inches projecting above the ground level. The cylinders were in- 
stalled at West Raleigh and at Creedmoor. The pots were filled to a 
depth of about a foot with bottom earth taken from the holes in 
which the pots were placed, after which about 8 inches of subsoil and 
8 inches of topsoil from a diseased tobacco field at Creedmoor were 
added. All tests were made in duplicate and each cylinder contained 
four plants. In continuation of previous work, tests were made with 
mixtures of varying proportions of sandy and clay soils; with ordi- 
nary wilt soil, to which were added separately the chief chemical con- 
stituents of clay; with plants grown from seeds without transplant- 
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ing, so as to avoid breaking the roots; with acid reagents and alka- 
line reagents; and with various chemical disinfectants. Considerable 
difficulty was experienced in maintaining the infection in the cylin- 
ders, because of their becoming excessively dry or from some other 
unfavorable condition, so the results were rather inconstant and un- 
certain. The results of tests covering three years, mixtures of sandy 
and clay soils being used, seemed to indicate that the wilt organism 
is not very active in clayey soils, but none of the chemical constituents 
of clays applied singly to sandy soils appeared to have any decided 
action on the organism. <A rather extensive series of tests was made 
with acids and alkalis. For the former sulphuric acid, acid potas- 
sium sulphate, and nitric acid were used, and for the latter quicklime, 
calcium carbonate, potassium carbonate, sodium silicate, and sodium 
carbonate were employed. In most cases at least two different rates 
of application were made. The results of tests covering three years 
indicate in general that alkalis are favorable to the wilt organism, 
while acids retard its development, but the results were not very 
constant and failed to furnish any basts for a practical remedy. De- 
tails of the tests are shown in part in Table I. Each cylinder should 
have contained four plants, but it will be noted that the stand was 
poor, due largely to the toxic action of the chemicals applied to the 
soil. 


Taste I.—Tests of tobacco plants grown in cylinders containing soil treated 
with acids and with alkalis at West Raleigh and Creedmoor, N. C., in 1913 
and 191}. 


1913.—Number of 1 es of 
; plants. plants. 
Cylinder No. and Se: 
location of test.! Soil tieatment. 

Wilted. | Healthy.| Wilted. | Healthy. 

aT Ses epee asine Acid potassium sulphate, 17 grams... ---- INOW Beceacoce< None. 3 

11 and 13 (Creed- | Acid potassium sulphate, 85 grams....-..-- 2 6 Bot eeeee eee ests 

moor). 
BPE IG LPM A EE ee Sulphuric acid, 1 ounce in 6 quarts of water Ee eEeers (See scesc|(s-SasG566 
AG is coy hare stare g Sulphuric acid, 2 ounces in 6 quarts of INoness | eee eee None. 3 
water. 

So andjiee. asec Nitric acid,? 1 ounce in 6 quarts of water Ae. ea ee None 5 

Avan de 21 ee eee Lime carbonate, 600 grams..........------ |: 2s eee 1 4 

4 (Creedmoor)....-. Quicklime, 300 grams.......:......----.-- 3 12k ee eae Sees 
10 (Creedmoor), 12 ; | 

(Creedmoor). Potassium carbonate, 70 grams. ...------- Wqiaceipbne aioe | one oaice dea Geaeetinster 
IGEN 6 ee ee okaad 

TPE) We eecooeae Sodium carbonate, 300 grams..-.---------- 4) 52.25. :dc Re eee 

Ij eh aye LOPS ae eek ste Sodium silicate, 17 grams....2222.-2..-.-- 1 (ames | 2 2 
| | 


2 Crlinder Noe 38 ST VEa en Gone tas Se eel ter No. 43 received no acid in 1914. 

In the cylinder tests with disinfectants, use was made of formalin, 
potassium permanganate, chlorid of lime, atomic or superfine sul- 
phur, $-naphthol, Bordeaux mixture, and a number of proprietary 
preparations, mostly coal-tar products, many of them in varying 
rates of application. No decidedly beneficial results were obtained. 
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During the four years, 1911 to 1914, inclusive, field plats at Creed- 
moor, N. C., consisting of single rows, were used in trials with disin- 
fectants. The usual fertilizing and cultural methods were followed 
alike on all plats. ‘The results for 1911 and 1912 are shown in part 
ain Table If. The permanganate of potash and chlorid of lime were 
applied in the same quantities and in double the quantities recom- 
mended by Honing in Sumatra, the weaker solutions consisting of 
125 grams of the chemical in 25 gallons of water. The solutions were 
poured into the holes in which the plants were to be set 24 hours 
before transplanting. 

TasLe Il.—VField experiments with tobacco plants, showing the effects of soil 

disinfectants at Creedmoor, N. C., in 1911 and 1912. 


) 


Number of plants. Remand 
4 # wat eent- 
Year of tests and: chemicals used. Method audale of applica age of 
Wilted. | Healthy.) Wit. 
‘Tests in 1911 (conditionon Aug. 12): 
CHOBE. 555355 SxS GAO Ce ae as et es Rm, 9 ue aL a ae 30 1 96.8 
Potassium permanganate..-.....-.... eas solution, 2 quarts per 39 4 90.7 
Chor 2 ae Pog eee ede nen lelisktn. f: vhs RS ad Surg jae 29 2 93.5 
Chilorrdvomkimies Sse sss eee: Weak solution, 2 quarts per 27 eo) 90 
hill. 
OTT (e eerpeeee gee pees Re Le Se IL GN 2 282) Rae era LUIS UL 23 3 88.5 
Potassium permanganate...-.....-...-- aoe g solution, 2 quarts per 32 2 94.1 
ill. 
CVV oo Ub ah shes Bia es a ge, SC a 25 0 100 
Chilonidtailnmens ees ey eae Strong solution, 2 quarts per NZ 1 94.4 
hill. 
‘Tests in 1912 (condition ‘on Aug. 5): 
(GH Ss. 5 tod SE CoB ae Ieee oes ey rye eee! rere 0 Ue Sn Sn are eee 5 37 11.9 
NUIT il A SRY ae ee 50 gallons per acre.........-- 27 35 43.5 
CHINO. Foe Se ee ee ee eR StS hk Oe ee 38 17 69.1 
POLAT One poe epee ete dl fed BT A Ore 25 gallons per acre.....--.:.. 39 22 63.9 
CINBGHE. 535 5555 S52 aR Se Oe Ee ane. «Sc Males agree ena 35 19 64.8 
APS 3 Gye es Ss en 100 gallons per acre.........- 40 18 69 
(CUE CN 3 SUS Sad aS oat RO SR eee ROSIN SS OAS 2 a 40 12 76.9 
CLT Ss on uate Shen eS sa ees ae re lege CCV a an lee 26 19 57.8 


In 19138 and 1914 the experiments were continued along the same 
hines, with the use of formalin, sulphuric acid, naphthol, carbolic 
acid, Bordeaux mixture, atomic sulphur, lime sulphur, coal tar, pine 
tar, and several proprietary disinfectants. In these tests more than 
a score of germicides and other chemicals were applied in various 
quantities and in various ways. Since the same plat was used each 
year, the cumulative effect of the chemicals was detrimental to the 
growth of the tobacco. Here, as in the cylinders, it was difficult to 
secure a good stand of plants. In general, there have been no con- 
sistent differences in the percentages of wilt in the treated and the 
untreated rows. The results are confirmatory of the cylinder tests 
and do not promise success in wilt control through the use of chemi- 
cals. In 1915 certain materials supposed to contain radium, includ- 
ing Banque du Radium, carnotite, and a radioactive earth, were tried 
in several differing quantities at Creedmoor, but without any definite 
sesults. 
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It should be added finally that in view of the theory entertained 
by some that lack of drainage or aeration in the soil is a cause of wilt, 
experiments were made on the effects of deep plowing and subsoiling, 
but the results were entirely negative. Dynamiting the soil accord- 
ing to methods recommended was tried, with a view to destroying 
any hardpan or impervious layer beneath the topsoil, but no bene- 
ficial action could be noted. 


CROP ROTATION AS A BASIS FOR THE CONTROL OF THE WILT. 


It has been seen that so far as known all species and varieties of 
tobacco, both wild and cultivated, are readily destroyed by the wilt, 
and it is well known that other plants belonging to the same family 
are seriously attacked. Obviously none of these plants should be 
grown on tobacco land affected with wilt. The parasite, however, is 
by no means limited to solanaceous plants, and is now known to 
attack members of no less than nine distinct families of the higher 
plants, namely, (1) Solanacez (including tobacco, Irish potato, 
pepper, eggplant, jimson weed, etc.), (2) Leguminose (ineluding 
the peanut), (3) Balsaminacez, (4) Composite (including the com- 
mon ragweed), (5) Euphorbiacez, (6) Pedaliaceee, (7) Tropeolacee, 
(8) Urticacese, and (9) Verbenacez. It is probable that further 
search will show that still other plants are attacked by this organism. 
Outside of the Solanacez the peanut and the ordinary ragweed are 
of special importance in the flue-cured district. In parts of the dis- 
trict peanuts are an important money crop and the ragweed (Am- 
brosia artemisiwfolia) is extremely common on tobacco lands 
throughout the district. Peanuts must be avoided and the ragweed 
kept down if rotation of crops is to be effective in controlling 
the wilt. 

CROP-ROTATION EXPERIMENTS AT CREEDMOOR, N. C. 


Beginning with 1911, experiments on the effectiveness of crop rota- 
tion for the control of tobacco wilt have been conducted on a tobacco 
field near Creedmoor, N. C., on which tobacco was practically a total 
failure in 1910. The soil in this field is the Granville coarse sandy 
loam and is rather uniform throughout except for a gall spot of 
several square yards on the plat designated “F” in figure 1. The 
plats slope away gently on either side of the turn row, which extends 
through the center of the field. The drainage is good on all plats 
except for small areas on the southern edge of plat 1 and on the 
northern edge of plat 4, and there is but little chance for surface 
drainage from one plat to adjoining ones. 

In these experiments the rotation and cropping systems included 
nearly all of the more important crops adapted to the section, namely, 
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Fie. 1.—Plan of the experiment field at Creedmoor, N. C., showing details of the crop- 
ping system on each plat. Plats B, C, D, ©, and F were planted to tobacco in 1916. 


- 


tobacco, corn, cotton, peanuts, wheat, sweet potatoes, cowpeas, mixed 
clovers, and grasses. Two different types of cropping were fol- 
lowed. In the first type a single crop or group of crops was grown 
continuously on the same plat. Thus, corn was grown continuously 
on a quarter-acre plat for five years, with crimson clover as a winter 
cover crop. In the same way, peanuts and sweet potatoes were each 
grown continuously on separate plats for five years, in each case 
with rye as a winter cover crop. Wheat, followed by cowpeas cut 
for hay, also was grown continuously on one plat. On one plat a 
mixture of mammoth or sapling clover, redtop, orchard grass, and 
tall meadow oat-grass was grown each year, the plat having been 
reseeded in 1913. <A plat cropped continuously to cotton was started 
two years later and thus far has run only three years. For com- 
parison, tobacco was grown each year on one plat, with rye and 
crimson clover as a winter crop. In 1916 tobacco was grown on all 
plats to determine the effects of the other crops on the wilt. There 
were two objects in the continuous cropping to the same crop plants 
each year. In the first place it was not certain at the outset which 
of the crops are immune to the wilt, and, secondly, it was desired to 
determine by direct test the comparative values of the different 
crops in reducing the amount of wilt. This plan was fully justified 
by later development, for it was soon found that peanuts are quite 
susceptible to the disease, while, on the other hand, the remaining 
erops proved to be about equally effective in reducing the injury 
from the wilt, thus indicating that they are immune. 

In the second type of cropping, a system of rotation including 
corn, wheat and cowpeas, red clover and grass, and tobacco was 
followed on a series of plats. In this series it was arranged that after 
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the first three years half of one of the plats would come into tobacco 
each year, while the other half would be kept in other crops for an- 
other series of years. This arrangement served to furnish lght as 
to the number of years of cropping to immune crops that is re- 
cuired to bring the wilt under control. The general arrangement 
of the various plats and the system of cropping on each are shown 
in detail in figure 1. Cotton was not originally included in the 
tests, and the intention was to use rotation plat.1 for other purposes; 
but beginning with 1913 half of this plat was cropped to cotton 
each year and the other half used as a check plat, being cropped to 
tobacco every year. After it was observed in 1912 that the peanuts 
on plat C were seriously affected with wilt, a portion of this plat 
was used in succeeding seasons for making certain tests on the sus- 
ceptibility to wilt of varieties of tomatoes. The acre plat shown 
in the figure was used for the tobacco variety tests already dis- 
cussed. <A line of tile cylinders used in the tests with chemicals and 
‘disinfectants occupied the eastern edge of plat A. The results of 
the cropping tests are expressed in percentages, which were arrived 
at by making counts of the numbers of healthy and diseased plants 
on each plat at the time of maturity. These results are brought 
together in Table TY1. 


TasLE Iil—Results of 5-year cropping and rotation tests for the control of 
tobacco wilt at Creedmoor, N. C., in 1916. 


Number of plants. 
P Percent- 
Designation of plat. age of 


Healthy. | Wiltea. | Wilt. 


iPlatB) (Sweet potatoes) continuoushy)eee sees. c. een eee een 927 249 21.2 
Plat C (peanuts continuously) Ens SOP EO REARS. Oritrc COCR aE Ap Re a aeeee 475 649 57.7 
Plates (Corn continiwoushy) eee see eee eee eee eee roe Ere eee eee 1,146 44 aay 
Plat E (red clover and mixed grasses conuiauously) Be SOO cece oe Bee 1, 106 57 4.9 
Plat F (wheat and cowpeas continuously) coe OCIS eee Seis eie = 1,010 65 6 

rotation plata sas: oo. 2) i.e elena eer ikea |. Mapa ee sect Seti 871 107 10.9 
Platel—Bz(obacco;continuously) sees hee eee cae eee eee eee 165 717 $1.3 


1A portion of plat C was cropped to tomatoes in 1912, 1914, and 1915. 


Table TIT shows that on plat 1-B, cropped to tcbacco each year, 
$1 per cent of the plants showed wilt in 1916. Figure 2 gives a good 
idea of the extent of the wilt on this plat. A large proportion 
of the diseased plants on plat 4-A were found in a poorly drained 
corner on the northern edge. Barring this corner, there was only 
about 5 per cent of wilt on this plat, which had been rotated in corn, 
wheat, cowpeas, grass, and clover for five years. It will be noted 
also that on plats D, E, and F, which had been cropped to corn, 
clover and grass, and wheat and cowpeas, respectively, for five years, 
there was only 4 to 6 per cent of wilt, so that the loss was 
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Fic. 2.—A field showing the results of continuous tobacco cropping, Creedmoor, N. C. 

Tobacco was grown on this plat each year from 1911 to 1916, inclusive. Fully 80 
per cent of the plants showed wilt on July 27, 1916. (Plat 1-B.) 


negligible. The effectiveness of grass and clover and of corn in 
reducing the injury from wilt is shown in figures 3 and 4, re- 
spectively. It should be noted, however, that the tobacco made 
a much better growth after grass and clover than after corn. 
On plat C, one portion of which had been cropped to peanuts 
and the other to tomatoes, 58 per cent of the plants were af- 
fected. The portion of the plat on which tomatoes had been grown 
showed about 20 per cent more wilt than the portion cropped to 
peanuts. Figure 5 clearly shows the marked injury from wilt 
on this plat. The tobacco was mature and ready for harvesting 
by July 27, and on that date there was only 5 per cent of wilt on 
plat B, which had been cropped to sweet potatoes continuously for 
five years. The tobacco was allowed to stand, however, and on. 
August 10 symptoms of wilt were shown by 21 per cent of the plants, 
while no such marked increase occurred in the other plats. A simi- 
lar condition was noted on plat 1—B in 1915, for on August 3 there 
was only 3 per cent of wilt, while on August 11 there was 23 per 
cent. The normal, gradual progress of the wilt in a tobacco field 
is shown in Table IV, which gives the counts on the plats made from 
June 29 to August 10, 1916. No wilted plants were observed a week 
prior to June 29. : 
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TABLE IV.—Rate of wilting of tobacco in plats at Creedmoor, N. C., in 1916. 


Number of plants wilted. 
No. of plat. r 
June 29. | July 1. July 5. July 6. | July 7. | July 8. | July 13. | July 27. | Aug. 10. 

Bla tA aus 62 83 183 209 232 246 320 453 568 
Plat Besss- 5 8 15 Wile ee 18 25 62 249 
Rls Cae 69 95 141 155 187 209 245 414 649 
Plat D 7 10 13 Ie) | ice ee ee 19 23 44 | .......... 
latebe sees 7 9 13 BE): || Soe gs 22 24 OM i aeeeaee ove 
Rlatieae 2 5 9 1), | eee ees 14 30 Gd: |Faeseee ei 
Plat 1-B .. 112 157 249 324 371 396 534 660 717 
Plat 4-A... Ae su) peat 9 LO} RAS etek 15 35 95 107 


The results of the experiments at Creedmoor extending through the 
past six years thus show beyond doubt that growing corn, wheat, 
cowpeas, clover, and mixed grasses (redtop, tall meadow oat-grass, 
and orchard grass), either singly or in a regular rotation, for a period 
of five years on badly diseased soil will reduce the loss from tobacco 
wilt to the point where it is almost negligible. Sweet potatoes (but 
not Irish potatoes) also will greatly reduce the loss from wilt, 
although they may be somewhat less effective for the purpose than 
the above-named crops. Peanuts, on the other hand, have practically 
no value in reducing the loss from the tobacco wilt and should not be 
grown on infested tobacco soils. The tests with cotton have not yet 
been completed, but the experience of others in the wilt section seems 
to leave no doubt that this crop is immune to the wilt and is to be 
classed with corn, wheat, and grass in this respect. 


Fic. 8.—Tobacco growing after grass and clover, Creedmoor, N. C. This plat was in 
grass and clover for five years, 1911 to 1915, inclusive. Only 43 per cent of the 
plants showed wilt on July 27, 1916. (Plat E.) 
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Fic. 4.—Tobacco growing after corn, Creedmoor, N. C. This plat was cropped to corn 
for five years, 1911 to 1915, inclusive, with crimson clover as a winter cover crop. 
Less than 38 per cent of the plants showed wilt on July 27, 1916, but it should be 
noted that the tobacco is decidedly smaller in size than that after grass and clover 
(plat BE). (Plat D.) 


Another important lesson from the experiments is that, other 
things being equal, injury from wilt is likely to be much greater on 
poorly drained spots; hence, crop rotation may be less effective under 
these conditions. 


LENGTH OF ROTATION REQUIRED TO RECLAIM INFESTED SOILS. 


In the preceding pages it has been demonstrated that under proper 
conditions the growing for a period of five years of crops not at- 
tacked by the wilt organism will make it possible, even on the worst 
infested fields, to produce a crop of tobacco with only a very small 
loss from wilt. This would mean a 6-year rotation, or 1 acre of to- 
bacco every year for each 6 acres of tobacco land on the farm. In 
most cases the farmer will want to grow a larger acreage of tobacco; 
hence, it is important to know the shortest practicable rotation for 
controlling the wilt. As was explained on page 11, the rotation plats 
at Creedmoor were so arranged that after the third year half of one 
plat came into tobacco each year, and the system of cropping was 
that shown for rotation plats 2, 3, and 4 in figure 1 (p. 11). These 
experiments furnish data on the comparative effects of cropping 
three, four, and five years, respectively, with crops not attacked by 
wilt. The results are brought together in Table V. 
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TABLE V.—Condition of tobacco on plats of wilt-infested land at Creedmoor, 
N. C., which had been planted to crops not affected by the wilt for three, four, 
and five years, respectively. 4 


Number of plants. | Percentage of wilt. 


| Period of crop- 2 Tn check 
i No. of plat and year of test. ping with im- ; plat a 
mune crops. F nrota- | croppe 
Healthy. | Wilted. | +ion plat. |to tobacco 
continu- 
| ously. 
| 
if PI Rt 2 SAW OLA ieee eee ceemted | 3years.........._.| 359 52 12.6 53 
| PIRES SARL OLS 2 Se Rees Je eee aro ASV CATS ae tena ea | 680 159 18.9 72 
PIR ASA IOI OWS is os ee | SIV CATS Seen 871 107 10.9 81 
| 


year indicates that the wilt was not so destructive in 1914 as in the 
following two years. In the rotation plat for 1915 it should be stated 
that on August 3 only 3 per cent of the plants showed the wilt, while 
only a week later, when the final count was made, 18.9 per cent of the 
plants were affected. It is evident that the effectiveness of the rota- 
tion will depend to some extent on the seasonal conditions, but the 
growing of immune crops for four or five years probably will re- 
duce the loss from wilt to a minimum even on very badly infested 
fields. On such fields it is believed that three years of such cropping 
will not be sufficient to bring the wilt under satisfactory control, 


| 
In these tests, the check plat on which tobacco was grown every 
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Fig. 5.—Tobacco growing after peanuts and tomatoes, Creedmoor, N. C. All of this 
plat was cropped to peanuts in 1911 and 1912; in the three following years a portion 
of the plat was cropped to peanuts and a portion was planted in tomatoes. On the 
plat as a whole 58 per cent of the plants showed wilt on July 27, 1916. There was 
somewhat more wilt after tomatoes than after peanuts. (Plat C.) 
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although the loss would be greatly reduced, as shown by the results 
for 1914. 

After the disease has been brought under control, it is thought 
that a good crop of tobacco can be grown every fourth or fifth year. 
Under no circumstances should a crop of tobacco be followed directly 
by a second one. Farmers are strongly advised against doing this, 
no matter how effectively the wilt may have been brought under con- 
trol, for by this procedure the beneficial effects of the rotation will 
be largely undone and a correspondingly longer period of rotation 
will be required to restore the soil. 


PRECAUTIONS TO PREVENT THE SPREAD OF THE DISEASE. 


Although the rotation of crops makes it possible to grow tobacco on 
land infested with wilt, those farms in the wilt area that are still 
free from the disease command a considerable premium, because a 
larger acreage of tobacco can be grown on them. It is clearly to the 
interest of the owner to use every possible means of keeping his farm 
free from the tobacco wilt. Thorough burning of tobacco seed beds 
will destroy the wilt parasite, but the seed bed may become reinfested 
if diseased soil from surrounding fields, even in very small quanti- 
ties, is allowed to reach the bed after it has been sterilized. The seed 
bed, as well as the field, also may become infested by surface drainage 
from infested fields. This explains the frequent observation by 
farmers that wilt may appear in the first crop of tobacco grown on 
freshly cleared lands, a fact which should serve as a warning of 
what may be expected if the surface drainage from neighboring 
wilt-infested farms is allowed to reach noninfested tobacco lands. 
For the above reasons tobacco growers are advised to avoid setting 
in fields free from infestation plants obtained from seed beds which 
may be infested. A half dozen infected plants may easily be the 
means of establishing the wilt permanently on a plantation. 

There is no reason for supposing that the disease is carried over 
in the seed, and there is no doubt that the two principal sources 
from which healthy fields receive the disease are (1) soil from 
infested fields and (2) diseased tobacco plants, either living plants 
or the dead material of leaf, stem, stalk, or root. Infested soil car- 
ried on a plow borrowed from a neighbor or on the feet of an animal 
or of a man may serve to introduce the disease. In the process of 
flue curing it might be expected that the comparatively high tem- | 
peratures used toward the end of the curing would be sufficient to 
kill the parasitic organism, but cases have been observed in Gran- 
ville County in which it is highly probable that the wilt was intro- 
duced on tobacco farms through the use of stems as a fertilizer. It 
is not advisable te use tobacco stalks or stems from diseased fields on 
lands not already infested with wilt, since the curing process can not 
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be relied upon in all cases to sterilize these materials. Finally, 
tobacco growers are advised to practice rotation of crops on their 
tobacco lands as a means of preventing the wilt, for if the soil is 
exposed to infestation the disease is less likely to become established 
when a systematic rotation of crops is followed. 


SUMMARY. 


In this country, tobacco wilt was first reported from Granville 
County, N. C., in 1903. Subsequent investigation has shown that the 
same disease, designated by other names, was already known in 
Sumatra and Java and in Japan. Tobacco wilt is an exceedingly 
destructive disease, causing the plant to die outright and frequently 
resulting in a practically complete failure of the crop. 

The wilt produces definite symptoms in the leaves, the stalk, and 
the roots of the tobacco plant. The more prominent features are a 
characteristic umbrellalike drooping of the leaves, the presence of a 
vellowish to black discoloration in the woody portion of the stalk 
(showing as streaks when the bark is stripped off), the presence of 
a slimy ooze when the stalk is cut across with a knife, and a decided 
decay of the root system. 

Tobacco wilt is caused by Bacterium solanacearum E. F. 8., which 
also causes a destructive rot of the tomato and Irish potato and 
attacks many other plants. The organism enters the plant through 
ihe root and eventually brings about a plugging of the vessels, thus 
cutting off the water supply from the leaves and causing them to w:lt 
and perish. Fertilizers, cultural methods, weather conditions, and 
the like may influence the extent or progress of the disease, and it 
has been observed that it is decidedly more destructive in relatively 
wet seasons. j 

For a time the wilt was confined to the southern portion of Gran- 
ville County, N. C., but it has since spread into the adjoining coun- 
ties of Vance, Durham, Wake, and Franklin and also has been found 
in Ashe, Guilford, Greene, Chatham, Davidson, and Yadkin Coun- 
ties, N. C. The wilt also has become established in the cigar-tobacco 
district of western Florida and southern Georgia. 

Tn efforts to find a tobacco resistant to wilt, numerous species and 
varieties, both wild and cultivated, from various parts of the world 
have been tested, but no species or variety has been found which is 
sufficiently resistant to meet practical requirements. The Sumatra 
and certain crosses of Sumatra with Connecticut cigar types were 
found to be relatively more resistant than the other forms tested. 

Experiments have been carried on for several years to determine 
whether the wilt could be controlled by chemical or physical treat- 
ment of the soil. Various acids, alkalis, and neutral salts, including 
fertilizer materials, were applied to the soil by varying methods and 
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in varying quantities. Tests were made with a large number of 
germicides, including standard copper and mercury compounds, 
formalin, carbolic acid, and other well-known organic and inorganic 
germicides, in addition to numerous proprietary products. Finally, 
subsoiling with the plow and by the use of dynamite was tried as a 
possible remedy for the wilt. In none of these tests were the results 
sufficiently encouraging to hold out hope of controlling the disease 
by any of the treatments employed. 

Crop rotation was the only method tested which gave satisfactory 
results in controlling tobacco wilt. By cropping badly infested land 
for five years with crops not affected by wilt the injury to the to- 
bacco from the disease was reduced from 80 to less than 10 per cent. 

The wilt germ attacks a number of plants other than tobacco, and 
these plants must be kept off the land if the rotation is to be effective. 
For this reason tomatoes, Irish potatoes, and peanuts should not be 
grown on tobacco lands; and since ragweed, which is a very common 
weed in the flue-cured district, is attacked, it is important that this 
weed be kept down. 

The crops tested which gave satisfactory results for the practical 
control of the wilt are corn, wheat, rye (as a cover crop), sweet pota- 
toes, cowpeas, grasses, red clover, and crimson clover. There is good 
evidence tending to show that cotton? also is not affected by tobacco 
wilt, and there is no reason for supposing that oats are affected. 

From the tests conducted at Creedmoor, N. C., when taking into 
account the differences in the amount of wilt due to varying weather 
conditions, it appears that on badly infested land the growing of 
crops not attacked by wilt: for four or five years will give better re- 
sults than only three years of such cropping, although the 3-year 
period greatly reduced the amount of wilt. It is believed that on 
badly infested soils a crop of tobacco should not be grown oftener 
than once in every five years, but after the disease has been brought 
under control tobacco probably may be grown safely every fourth 
year. Under no circumstances should two crops of tobacco be grown 
in succession on infested soil. 

To keep the wilt off farms not already infested, it is recommended 
that seed beds be thoroughly burned to insure complete sterilization 
and that care be taken not to allow surface drainage from infested 
farms to reach the seed bed or the tobacco land. Great caution 
should be used in securing plants or farming implements from 
farms on which the wilt is present. Tobacco stalks or stems from in- 
fested farms should not be used as a fertilizer on healthy soils. 
Every effort should be made to prevent infested soil or diseased 
plant material in any form from reaching the farm. 


1 Results obtained since the text of this bulletin was written have shown that cotton 
is immune to the tobacco wilt. 
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THE DETERMINATION OF BACTERIA IN ICE CREAM. 
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DIFFICULTY OF MAKING ACCURATE BACTERIOLOGICAL ANALYSES. 


Statements have been made that the distribution of bacteria in 
ice cream is markedly uneven, that there is great variability in the 
bacterial counts of different portions of the same container, and that 
this variability is so great that any small sample selected for analysis 
will not represent the whole mass of the ice cream. 

It must be remembered that the accuracy of a bacterio- 
logical analysis can never be so. great as that of a chemical 
analysis. In making bacterial counts we are dealing with living 
organisms which are distributed in the material under examination. 
The method of analysis follows the assumption that the bacteria, as 
individual cells, are distributed evenly throughout the sample and 
that the portion removed for analysis contains a number in exact 
proportion to the total number in the sample. Having removed a 
definite part, it must then be placed in a medium suitable for plating 
in which the individual bacterial cells can multiply and form visible 
colonies. The inaccuracy of such a method must be evident at once. 

We know that some bacteria are in clumps or chains, and many 
organisms may then develop into one colony which must be counted 
as a single colony. The removal of a quantity of material which will 
contain the same number of bacteria in suspension as another like 
quantity is known to be impossible. Since we are dealing with 
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living organisms, the bacteriological method of analysis must take 
into account their distribution and development into colonies on the 
Petri plates. In this part of the method we encounter the difficulty 
of separating the bacterial cells and distributing them evenly. Their 
development is more or less influenced by the growth of different 
kinds of bacteria, one of which may retard the development of those 
near it. 

All these points are recognized by bacteriologists and are men- 
tioned here merely to call attention to the many difficulties which 
arise In making accurate bacterial counts and to point 
out that there must be variations in the result over 
which the analyst has no definite control. This con- 
dition has been recognized, consequently duplicate 
plates are made and results reported from the average 
counts of both plates. The variation in bacterial 
counts is particularly important and must be taken 
into consideration when a study is made of various 
samples of any material containing bacteria. If these 
variations are not considered, mistakes are easily made 
in the study of the distribution of bacteria. 

If the bacteria in ice cream are unevenly dis- 
Fie LeShowne tributed, and a bacterial analysis of a sample does not 

nil wing z ‘ j 

location ofnine give results which will represent the whole mass of the 
nom Leaio, cream, this fact will greatly complicate any study of 
can of ice the bacteria in the product. Consequently, before 

Oe, starting any further studies on the subject it was con- 
sidered advisable to carry out some experiments to throw more 
light on this point. 


METHOD OF SAMPLING AND PLATING THE ICE CREAM. 


Ice cream from various manufacturers was delivered in 1-gallon 
cans at the laboratory. As soon as received, the can of cream was 
removed from the tub, the ice and salt wiped off, the cover removed, 
and the top layer taken off with a large sterile spoon. 

Three samples were taken from the topmost third of the gallon, three 
from the middle, and three from the bottom third, making a total of 
nine samples from each gallon, as shown in figure 1. Each sample 
contained about 30 grams and was removed with a small sterile scoop. 
and placed in a sterile flask. After removing samples from positions 
1, 2, and 3, about one-third of the ice cream was removed with a 
sterile spoon and three more samples taken from positions 4, 5, and 6; 
similarly the three remaining samples were taken from positions 
7, 8, and 9. 

The flasks containing the samples were then placed in water at 
40° C. (104° F.) for 15 minutes in order to melt the ice cream, the 
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melting being hastened by frequent shaking with a circular motion. 
At the end of the 15-minute period each flask containing the melted 
ice Cream was again shaken 30 times, with a circular motion, in order 
to mix the sample thoroughly and to shake out as much air as possible. 

One cubic centimeter of melted ice cream was then removed from 
each flask and placed in 99 c. c. of sterile water at a temperature of 
40°. C. (104° F.). The water in all the dilution bottles was at a 
temperature of 40° C. (104° F.) in order to keep the fat in a melted 
condition. | 

The pipettes were so graduated as to deliver 1 cubic centimeter 
between two marks. This avoids the necessity of blowing out the 
pipette or immersing the end in the dilution water, and therefore 
eliminates the introduction of varying quantities of melted cream 
which adhere to the pipette. 

The dilutions were made in the usual way, using 99 c. c. and 9c. ¢., 
respectively, of sterile water. Hach dilution bottle or tube was shaken 
25 times, and great care was taken to measure the quantity accu- 
rately in the pipettes. Standard beef-infusion agar was used, and 
sufficient medium was prepared to last through the work; conse- 
quently no factor of variation was introduced by the plating medium. 
The plates were incubated at 30° C. (86° F.) for a period of five days, 
after which the duplicate plates were counted. 


VARIATION IN THE BACTERIAL CONTENT OF COMMERCIAL ICE CREAM. 


VARIATION IN DUPLICATE SAMPLES FROM VARIOUS PARTS OF THE SAME LOT. 


In our first. experiment twenty-two 1-gallon lots of ice cream were 
obtained from seven different manufacturers. This cream, as in- 
tended, was of different flavors, was made in different ways, and 
included products containing different ingredients and varying 
percentages of butterfat. 

‘The complete results obtained from a study of these samples are 
shown in Table I, in which is recorded the percentage of fat in the 
ice cream from each manufacturer, also the presence or absence of 
gelatin, the flavor of each lot, the dilution used in plating, the num- 
ber of colonies found on each of the duplicate plates, and the calcu- 
lated average number of bacteria in a cubic centimeter of melted 
ice eream. Where there is a blank space in the number of colonies 
on duplicate plates no count could be made on account of “‘spreaders,”’ 
which entirely obscured the colonies. Every count that could be 
obtained is included in this table of results, and no count was left 
out as being a “‘freak”’ result. 

A study of the table shows that the bacterial counts of the nine 
samples from as many different positions in each gallon lot of ice 
cream check remarkably well with one another. 


4 
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TABLE I.—Bacteria per cubic centimeter in 198 samples from twenty-two 1-gallon lots of 
commercial ice cream obtained from different manufacturers. 


Average 
count 
per c. c. 


w 
Dp 
i—) 


ae 
Pet et et at) 


SESRSEDE 
383323333 


. 


tal tet tel) 
. 


RLS) 


BSSrsoRes 
322322238 


5 


fh ft fae fea fk fh fe fa fat 
Wr Ge rier es 
Pett a att nah eet 


S2eaeaes 


. 


832838533 


BRSPSZSES 
353833332 


PSE. 
SSss 


S5 
SLE 


Sys Number of 
Lot. le Flavor. Dilution. colpntes an 
o. plates. 
| 
| 
A (fat 9.5 per cent, gelatin +)... 1] Vanilla...... ross | 243 | 229 
2 | 219] 198 
3 242} 243 
4 231°} 245 
5 250) eaeees 
6 264 | 233 
7 230) eee 
8 243 | 245 
9 271 | 235 
EL Ie elata ate eee ere adetae wae 1 | Chocolate... rodeo 45 46 
2 40 49 
3 50 47 
4 67 40 
5 52 47 
6 60 43 
7 42 48 
8 49 45 
9 57 60 
| 
ryeary.,) Asiiae evens, ey ch eae 1| Peach....... cokes. { l4Gah ass 
2 160} 150 
3 137 | 155 
4 148 | 145 
5 140 | 156 
6 170} 151 
7 153 | 155 
8 154 | 148 
9 154 | 166 
Ag ARNEL DO eit dhco RAY 1| Vanilla..... tt 24 26 
2 23 25 
3 80) |Eeseee 
4 20 32 
5 20 20 
6 30 22 
7 40) s22Ek 
8 25 26 
9 25 27 
BEE ARSE SAHA ESO OL TNE Beet 1 | Vanilla.....! rho 64 79 
2 VEO koe S 
3 120 96 
4 109 | 118 
5 95 | 118 
6 1020)'see 
tf 138 97 
8 (ellassass 
9 | 131 | 129 
sfelal stellata lala fotetalaletel=(elatetatalalatatarstalerale 1 | Vanilla... .. Tods5dD | 25 62 
2 44 54 
3 54 46 
| 4 53 47 
| 5 OT Se see 
Pere 58 | 54 
7 67 55 
8 50 59 
| 9 59 55 
ie earn ee Lee ey At ig 1 | Chocolate. -- roodo00 | 217} 218 
2 212 193 
3 186) }. see 
| 4 233 | 217 
| 5 204 | 195 
6 204 184 
7 187 74 
8 203 | 200 
9 192 | 184 


~ 


13, 000 

43, 500, 000 
49, 000, 000 
50, 000, 000 
50, 000, 000 
59, 000, 000 
56, 000, 000 
61, 000, 000 
54, 500,000 
57,000, 000 
217, 500, 000 
201; 500, 000 
186, 000, 000 
225, 000, 000 
199, 500, 000 
194, 000, 000 
180, 500, 000 
201; 500, 000 
188, 000, 000 
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Taste I.—Bacteria per cubic centimeter in'198 samples from twenty-two 1-gallcn lots of 
commercial ice cream obtained from different manufacturers—Continued. 


eee , Number of 
: Sam- . Average 
Plant Lot. ple Flavor. Dilution. pglonics on count 
No. No. plates. per ¢. ¢. 
ati ite .| 1 | Vanilla...... SOLA 60 64 62, 000, 000 
2 | C (at 9.6 per cent, gelatin +) ; t a 65 | 6420007000 
3 73 62 | 67,500, 000 
4 70 68 | 69,000, 000 
5 64 70 | 67,000, 000 
6 73 77 | 75,000,000 
7 63 57 | 60,000,000 
8 63 72) 67,500,000 
9 57 72} 64,500,000 
i 4 1} Vanilla ..... doo | 286} 200 288, 000 
3 | A (fat 9.6 per cent, gelatin +) 5 K Ball Gen 307 000 
3 270 | 289 279, 500 
4 250 | 270 260, 000 
5 314 | 250 282,000 
6 251 | 252 251, 500 
7 268 | 250 259, 000 
8 311 | 287 299, 
9 261 | 306 283,500 
Tey EUs iS ELA RRS eae a 1} Peach....... rd00 219 | 186 202, 500 
2 24 ee 214, 000 
3 222 190 206, 000 
4 192) 2 Sone 192, 000 
5 212] 194 203, 000 
6 197 | 200 198, 500 
7 212; 208 210,000 
8 231 | 205 218, 000 
9 218 | 224 221, 000 
ce IES cine 1 | Chocolate... sboo | 107} 104 1,055,000 
me ie 2 i 118| 99|  12085;000 
3 96 99 975, 000 
4 106 96 1,010, 000 
5 108} 119 1,135, 000 
6 123 | 124 1,235, 000 
7 102 97 995, 000 
8 124 | 123 1, 235, 000 
9 103 | 121 1,120,000 
4 H latin—)... 1} Vanilla...... yodoos | 341 334 | 33, 750, 000 
4 | A (fat, 22.5 percent, gelat ) ; Sarl eee De fa OND 
3 284 |...... 28, 400, 000 
4 294 | 302] 29,800,000 
5 284 | 270 | 27,700,000 
6 301 303 | 30, 200, 000 
7 : 325 | 331 32, 800, 000 
8 321 329 | 32,500, 000 
9 B14) | ah 31, 400, 000 
BE Paa dt eA aaa aio meee alse eke 1 | Peach......- rodeos | 321] 310] 31,500,000 
mee 2 270 | 305} 28,750,000 
3 386 | 372] 37,900,000 
4 278 | 305] 29,150,000 
5 367 | 356] 36,150,000 
6 354 | 357] 35,550,000 
7 431 466 | 44,850, 000 
8 CTY) ES eb 66 47, 000, 000 
9 434 |... 43, 400, 000 
8 SERS 2S IE a et 1 | Chocolate... ooo | 310] 298) 30,400,000 
ots 2 Hi 286, [nani 28, 600, 000 
3 330 |.-.... 33, 000, 000 
a ARMM Ta TPP PSU LSS LN AERA ZrO Nee er apcane IEE A 
5 293 | 288] 29,050,000 
6 284 | 288] 28, 600,000 
7 328 | 292] 31,000,000 
8 286 | 278] 28, 200,000 
9 275 | 285 | 28,000,000 
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TABLE I.—Bacteria per cubic centimeter in 198 samples from twenty-two 1-gallon lots of 
commercial ice cream obtained from different manufacturers—Continued. 


Number of 
Sam- . Average 
meee Sul Tot. le Flavor. Dilution. pines count 
0. plates per c.c. 
| 5 | A (fat, 17 per cent, gelatin —) 1} Vanila...... qos 440, 006 
| csi 2 465, 000 
| 3 475, 000 
| 4 360, 000 
| 5 490, 000 
| 6 395, 000 
| 7 450, 000 
| 8 450,000 
9 335, 000 
| Weis SooBeSESUbEdodeccsonaenosaehs 1 | Peach....... sia 485,000 
2 a 420, 000 
3 440, 000 
| 4 500, 000 
| 5 430, 000 
6 430, 000 
| 7 435, 000 
| 8 480, 000 
9 410, 000 
| Coe SOU MEBONE Sorc OBeBaNeeReec 1 | Chocolate - - - = 3 142,000, 000 
| 2 peteg 123, 000, 000 
| 3 122, 000, 000 
| 4 154, 000, 000 
5 126, 500, 000 
6 136, 500, 000 
7 136, 000, 000 
8 136,500, 000 
9 165, 000, 000 
1 | Vanilla...... Loo 16,100, 000 
2 aie 13, 200, 000 
3 17,000, 000 
4 20, 000, 000 
K 24:5 21,250, 000 
| 6 15,200, 000 
7 13, 150,000 
4 | 9 7 ? 
| =~ eae | |__| ———_ ]— 

| BE POR Se on eisake okie | 1+ Peachy... . 2. zootoos 102, 000, 000 
| | Veo 97, 000, 000 
| ss | 110, 000, 000 
| 4 107,000, 000 
5 108, 000,000 
6 115, 000,000 
7 116, 000, 000 
8 99; 000, 000 
| 9 100, 500, 000 
| CUES Ss, 2 Tua OOF (oF ye eee 1 | Chocolate. - . ey 44,000, 000 
lease a 40, 000, 000 
3 49, 500, 000 

A)WM MO: 24h 9° (|) oaks 3] SSS eee 
5 41, 000, 000 
6 ~-417 000,000 
7 42° 500, 000 
8 37,000,000 
9 46, 500, 000 
Deh gate Bees eecS ee 1} Vanilla.....- she 1,115, 000 
2 aa 1; 060, 000 
3 1 225, 000 
4 1; 160, 000 
5 1; 090, 000 
6 1,055,000 
z 1) 415, 000 
8 1, 235, 000 
9 1,370,000 
Nis a Le a SB 1 | Chocolate. - . Toso 1, 730, 000 
2 1,610, 000 
3 1,720,000 
4 1,720, 000 
f 5 1,770, 000 
| 6 | 1, 740, 000 
7 1, 310; 000 
| 8 1,635, 000 
9 1,570, 000 
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The maximum and minimum bacterial count of the samples from 
each gallon of ice cream, together with the per cent of variation, is 
shown in Table II. 

In the samples from Plant No. 1 there was a variation of 300 per 
cent among the samples from lot D, which showed a minimum count 
of 20,000 and a maximum of 80,000 per cubic centimeter. This case, 
as may be noted, is extreme and may be accounted for by the fact 
that the 80,000 count was obtained from one plate only, the duplicate 
being covered with spreaders. Reference to the complete results in 
Table I for this lot shows that among the other samples the colony 
counts were very nearly alike. A similar explanation holds for lot E 
from Plant No. 1, m which there was a variation of 81.81 per cent, 
with a maximum and minimum count of 13,000 and 7,150. 

Throughout the rest of the samples the only high percentage of 
variation was among the samples taken from lot A, Plant No. 6, a 
variation of 105.32 per cent. In this case the melted cream was a 
thick, viscous mass, which made it difficult to measure accurately in 
a pipette. Special care was taken in the remaining determinations 
of bacteria in the ice cream from this manufacturer, with the result 
that the percentage of variation in bacterial counts was very low. 

The general variation among the samples from each gallon of ice 
cream was from 20 to 30 per cent, which is decidedly low, although 
at first thought it may seem high. 

In Reprint 295 of the Public Health Reports’ it is stated that in 
analyzing duplicate samples of milk the general average variation in 
each of four laboratories ranged from about 110 to 380 per cent. 
Just: what percentage of variation in duplicate counts is normal to 
the method of bacterial analysis we shall not attempt to say, but a 
variation of 20 per cent means only the difference between 100 and 
120 colonies on a Petri plate. 

The small variation in our results iHdieates that in the ice cream 
examined the bacteria were rather even!ty distributed and that an 
analysis of one sample taken in the manner described would show 
for all practical purposes the bacterial content of any other sample 
im the 1-gallon lot. 


1Conn, H.W. Standards for determining the purity of milk. 
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TABLE II Lien in bacterial content of 9 dwplicate samples from each of twenty-two 
1-gallon lots of commercial ice cream. 


Bacteria per cubic f 
sek centimeter. ens. 
Flavor. lon in 
No. Lot. a bacterial 
Minimum. | Maximum. | ©UDt. 
Per cent. 
1 ..| Vanilla......| 2,085,000 2,530,000 | 21.34 
.-| Chocolate... 445, 000 585, 000 31. 46 
_.| Peach... 1, 460, 000 1, 600, 000 9.59 
-| Vanilla... 20, 000 80, 000 | 300.00 
Vanilla... 7, 150 13, 000 81. 81 
2 PIA Se ta cas ed aso wine oats aa Vanilla......| 43,500,000 61, 000, 000 40. 23 
Te meetin eyo Bitar teats matte cite A re Chocolate...| 180,500,000 | 225,000, 000 24. 65 
C (fat, 9.6 per cent).....--..-.-- Vanilla......| 60,000,000 75,000, 000 25.00 
3 | A (fat, 9.6 per cent)...........-- Vanilla. 251, 500 307, 000 22.31 
1 Bh ata Rt loi es ct i Ag Reach aes. h. 192,000 221,000 15.10 
ON OE A PFI aaNet Sopa a Sra gat Chocolate... 975, 000 1, 235, 000 26. 66 
4 A (fat, 22.5 per cent).........--- Vanilla 27,000,000 | 33,750,000} 25.00 
BAe ae 1 Seay ean ea ve Peach.......} 28,750,000 | 47,000,000 | 63.47 
é LaenULNC PU ENN R COSCON MM RAT? Chocolate...| 28,000,000 | 33,000,000} 17.85 
5 . (fat, 17 per cent)......-...-..-- Vanilla 335, 000 490, 000 46. 27 
Hit iene wpe er ede Nataly) REEMA Peach....... 410, 000 500, 21.95 
é pe xd Mises Wie ray Ba ep ah Ns ea Chocolate 122,000,000 } 160,500,000 31.55 
6 | A (fat, 9.2 per cent)............- Vanilla 13,150,000 | 27,000,000 | 105.32 
1B ypu ese RS cashes Ne ie Peach....... 97,000,000 | 116,000,000 | 19.59 
© paaee erin | aR ate ots Teal a Chocolate - . 37, 000, 000 46, 500, 000 25. 67 
Dea See e cca rete cen coe ne Vanilla...... 1, 055, 000 1, 415, 000 34,12 
Lr Px| hs ances eR eat NA Chocolate. .. 1,310, 000 1,770,000] 35.11 


VARIATION WHEN HELD IN AN ICE-CREAM CABINET. 


It was thought that there might be an uneven distribution of 
bacteria in ice cream held in an ice-cream cabinet where it is allowed 
to soften, then is repacked with ice and salt and again hardened. 
To determine this point, three 1-gallon lots of ice cream were pur- 
chased from three different manufacturers and held for 11 days in a 
commercial ice-cream cabinet, such as is used in stores. 

The ice cream was packed with ice and salt once a day in the 
regular way. From day to day it softened and again hardened. 
In Table III it may be seen that even under this extreme condition 
the highest variation among the samples from each lot was only 
37.03 per cent. In this case the lowest count was 1,080,000 and une 
highest 1,420,000 per cubic centimeter. 
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TaBie I11.— Variation in bacterial counts of 9 samples of ice cream taken from each of 
three 1-gallon lots which had been held in a cabinet for 11 days. 


Number ofcolonies| Average quid 
Plant | Sample milution an Glee Variation between lowest and 
¥ plicate count . 
No. No. plates, per ¢. ¢. highest counts. 
1 1 roo 44 48 46,000 | Samples 5 and 7, 34.21 per cent. 
2 52 43 47, 500 
s@4F 46) 45). 46, 000 
5 3 (1 387000 
Se tan pl tay nO Pere ate ce 
6 43 46 44, 500 
7 Eat he (eraser 51,000 
8 ‘ 37 50 43, 500 
9 AB WS) jaro oes 43,000 
2 1 qeine 10) ee Sem 1,080,000 | Samples 1 and 8, 37.03 per cent. 
2 111 125, 1, ee 000 
“3 Dee ec a 
4 142 134 | 1,380, 000 
5 132 152 | 1,420,000 
6 127 113 | 1,200,000 
U 136 149 | 1,425, 000 
8 130 166 | 1,480,000 
9 138 149 | 1,435, 
5 1 iobae 62 76 690,000 | Samples 2 and 5, 14.73 per cent. 
“9 64 65: 645, 
acum |e 76 61; 685, 000 
4 6a). ae 650, 000 
5 TA) a 740, 000 
6 65 U7 710, 000 
7 66 71 685, 000 
8 66; es le 660, 000 
9 70 68 690, 000 


Keeping in mind the normal variation in bacterial counts, as indi- 
cated in Table II, we do not believe that the results warrant the con- 
clusion that there is any great uneven distribution of bacteria in ice 
~ cream, even when held under the extreme conditions of this experiment. 


VARIATION WHEN HEED IN STORAGE. 


In order to determine the effect of cold storage upon the distribu- 

tion of bacteria in ice cream, three 1-gallon cans were filled with ice 
cream from the same freezer. Of these, one was examined while 
fresh, one was held in cold storage in a hardening room at a plant 
‘ for one month, and the third was similarly held for two months. 
- The results oO this experiment, recorded in Table IV, show that 
there was no increase in the variation among the aie from each 
gallon lot, even after two months’ storage. The samples as a whole 
checked remarkably well, showing nothing to indicate any marked 
uneven distribution of bacteria. 
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TaBLE 1V.— Variation in the bacterial content of samples of ice cream taken from gallon 
lots held in cold storage. 


Number of Pann 3 
A Sam- F Average | Variation between 
pei hice ple gelo a Hoatte: count | lowest and highest 
on plates. per ¢. c. counts. 
ATESH ie ciseys see seats 1 64 79 7,150 | Samples 1 and 9, 
al eA 7t | eee 11, 700 81.81 per cent. 
3| 120 96 10, 800 
4| 109) 118 10, 350 
5 95 | 118 10, 650 
6: || 102; |e 10, 
7| 138 97 11, 750 
8 Ui ea-Ke5 7, 700 ¢ 
9} 131] 129 13, 
One month....... SOLS 71ers 11,800 | Samples 7 and 8, 
2h) VLOG: | ones 10, 600 15.68 per cent. 
Soir 3012) eee 11, 20 
4} 111] 117} 11,400 
5] 110} 112 11, 100 
6| 104]...... 10, 400 
(ela Si | eee 11,8 
ee A 10, 200 
9] 117} 106 11, 150 
Pacer fare fecha | 
Two months....-. 1 76 77 7,650 | Samples 2 and 9, 
2 66 76 7,100 18.31 per cent. 
3 76 76 7,600 
4 92 68 8,000 
5 79 82 8,050 
6 73 72 7, 250 
7 70 80 7,500 
8 75 76 7,500 
9 76 92 | 8, 400 


‘VARIATION IN SAMPLES TAKEN DIRECTLY FROM FREEZER. 


The question of whether a sample of ice cream taken from a 
freezer represents in bacterial content the entire contents of the 
‘freezer is one of considerable importance. To obtain information 
on this point 10 series of from 6 to 10 samples were taken from the 
large commercial freezers in an ice-cream plant. The samples were 
taken in the following manner: As soon as the cream was frozen 
-and ready to flow imto the final containers for hardening, the gate 
~was opened and about 1 pint allowed to flow out. The first sample 
of about 50 grams wasthen taken by allowing the partially frozen cream 
to flow into a sterile salt-mouth bottle. About 1 gallon of ice cream 
was then allowed to flow out and a second sample taken. The remain- 
“ing samples were secured in a similar way, the last one being taken 
from the very last portion. All were immediately iced and taken 
‘to the laboratory, where they were plated in the manner previously 
described. The results are shown in Table V. 
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TaBLe V.—Variation in bacterial content of samples of ice cream taken from the same 
freezer. 


Number of 
Sam-| colonieson | Average| Variation between 


Date samples le dupli H 
plicate counts | lowest and highest 
taken. o. | plates (1/1000 | per ¢. c. counts. | 
ce. c. plated). | 
9-14-14. ........ 1 48 56| 52,000 | Samples 7 and 9, | 
i 2 66 47 56,500 | 381.39 percent. | | 
3 48 46 47, 000 | 
4 60 43 51,500 
5 46 56 | 51,000 
6 51 50} 50,500 
7 61 52} 56,500 
8 52 48'| 50,000 
9 42 44 43,000 
9-15-14. ........ 1 22). ae 22,000 | Samples 4 and 5, 
2 25 24 24, 500 29.54 per cent. 
3 28 22| 25,000 
4 29 28 | 28,500 
5 WP) Nocecae- 22, 000 
6 23 26 24,5 
9-16-14......... 1 LOGS |e yee 107,000 | Samples 6 and 7, 
2 10275 eee 102, 000 7.84 per cent. 
3} 110] 100] 105,000 
Aa aes) eer 118, 000 
5 14) |S. Le 104, 000 
6 LOZ te 102,000 
7 110} | eases 110, 000 
9-17-14(A)..... 1 58 55 56,500 | Samples 1 and 3, 
k 2 BS ie ROS 53, 000 28.41 per cert. 
3 ZV 44, 000 
4 523524558 52,000 
5 53 52| 52,500 
6 56 46 51,000 
7 Boilers oes 53, 000 
8 58 53 | 55, 500 
9 O3))| (See 2 ee 53, 000 
10 53 49 51,000 
9-17-14 (A)....- 1 2a jae 52,000 | Samples 3 and 6, . 
2 45 52 48,500 25 per cent. 
3 53 57 | 55,000 
4 leas oe - 45, 000 
5 55 39 | 47,000 
6} 40 48| 44,000 
v4 44 51 47,500 
3 48 50 49, 000 
9 42 47 44,500 
10 AG \ 3 47, 000 
9-18-14 (B)..... 1 159 155 | 157,000 | Samples 3 and 10, 
2 156 157 | 156,500 35. 87 per cent, 
3 167 189 | 178,000 
4 164 162 ibcae 
5 126 173 | 149,500 
6 149 144 |} 146,500 
7 157 160 | 158,500 
8| 157] 154] 155,500 
9| 130] 160) 145,000 
TO" i Tan |e 131, 000 
9-18-14 (B)..-... 1 186 160 | 173,000} Samples 3 and 9, 
2 LY Ole aaa 157, 000 30.07 per cent. 
3 158 227 | 192,500 
== 4 iI7k8) (ee 179, 000 
5 66 oe 166, 000 
GH THES eee - 185, 000 
7 GAS eee 178, 000 
8 AGS) |= sete 165,000 
92) FAS | sce 148, 000 
POR TGS) |(s2. ee 168,000 
7a gla 9-19-14..... Bae 1 82 77 79,500} Samples 3 and 5, 
2 83 |..-----| 83,000 40.47 per cent. 
3 94 83.| 88,500 
4 85 84 84, 500 
5 55 71 | 63,000 
6 98 68 83, 
7 SPA eas. 82, 000 
8 83 75 79, 000 
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It will be seen from the table that the highest variation among the 
samples taken from any freezer was 40.47 per cent, the minimum count 
in that case being 63,000 and the maximum 88,500 bacteria per cubic 
centimeter. The lowest variation was 7.84 per cent, the counts in 
this instance ranging from 102,000 to 118,000 per cubic centimeter. 

It is interesting to note that the two sets of samples marked A 
were taken on the same day from two different freezers, which were 
probably filled with the same ‘‘mix.’’ The same is true of the sets 
marked B. In each of these cases the samples check well with each 
other. From these results it seems evident that the bacterial con- 
tent of one sample from a freezer may be said to represent for prac- 
tical purposes the bacterial content of the rest of the ice cream in the 
freezer. 


COMPARISON OF INCUBATION OF PLATES AT 37° C. FOR TWO DAYS AND 
30° C. FOR FIVE DAYS. 


The plates in our experiments were incubated at 30°C. (86° F.) for 
five days. Since in general practice plates are incubated at 37° C. 
(98.6° F.)-and counts made after 48 hours, it was considered advisable 
to make a comparison between these two methods of incubation. 

A gallon of ice cream was obtained and nine samples taken from 
nine different positions in the usual manner. ‘Two sets of duplicate 
plates were made; one set was incubated at 37° C. (98.6° F.) and 
counted after 48 hours. The other set was incubated at 30° C. 
(86° F.) and counted after five days. The results of this experi- 
ment (see Table VI) show that the variation among the samples 
from the same lot of ice cream was 16.89 per cent after the 48-hour 
count at 37° C. (98.6° F.) and 35.11 per cent after mcubation at 
30° C. for five days. 

From this experiment it seems evident that incubation at 37° C. 
(98.6° F.) for 48 hours does not give counts which show any greater 
variation than those obtained by incubation at 30° C. (86° F.) for 
five days. It is interesting to observe, however, that the count 
obtained by incubation for five days at 30° C. (86° F.) is practically 
double that obtained by incubation at 37° C. (98.6° F.) for 48 hours. 


TaBLE V1I.—Variation in counts obtained by incubation of plates at 37° C. for two 
days and 30° C. for five days. 


Incubated at 37° C. for 48 hours. Incubated at 30° C. for 5 days. 


Sam- | Number of Number of 


le Pats Average Variation between p Average Variation between 
o. Paonia count lowest and highest et count lowest and highest 
plates per c. ¢c. counts. plates. per ¢. c. counts. 

ia Samples 2 and 9, 1,730,000 Samples 5 and 7, 
2 | 16. 89 per cent. 16 1,610, 000 35. 11 per cent. 

3 | 1,720,000 

4 | , 720,000 

5 | 1,770,000 

6 | , 740, 000 

7 | 1,310, 000 

8 1, 635, 000 

9 1,570,000 
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THE NUMBER OF COLONIES MOST DESIRABLE ON PETRI PLATES. 


When a sample of ice cream is plated it is of course necessary to 
make several dilutions, since the bacterial content is unknown. It 
is sometimes a question as to which dilution will give the most 
accurate count. 

Some interesting facts regarding this point are shown by nethiehed 
to Table VII. Seven 1-gallon lots of ice cream were obtained, and 
nine samples from each were plated in the usual manner. Three 
dilutions were made, but only two are recorded in the table. The 
aim was to obtain plates with about 200 colonies, as in bacterio- 
logical work that number is believed to give the most nearly accurate 
count. The two recorded, therefore, are the counts obtained from 
the dilution which gave about 200 colonies per plate and the counts 
from the next highest dilution. 

_ An examination of the table shows that the variation between 
samples taken from the same lot of ice cream ranged from 15.10 to 
105.32 per cent when the dilution was such that from 100 to 300 
colonies were on the plates. The same samples at the next higher 
dilution, in which the number of colonies was less than 50, varied 
from 35 to 1,014.28 per cent. In every case in which there was a 
small number of colonies on the plates the variation between the 
samples from each gallon lot was decidedly greater than when a lower 
dilution was used. This fact is by no means new, but it should be 
kept in mind when interpreting the results obtained from a bacterial 
analysis of duplicate samples of ice cream. 


Tasie VII.— Comparison of bacterial counts obtained from the same samples oft ace cream, 
but with different dilutions. 


Mees Num- pars 
on ; jon be- |. ; 
Sam- Dilu- eer ot Average | tween eee Average tween 
Lot. Re Hayal Grea Hees ‘count-per | lowest | Dilution. pi CHIL count per | lowest 
e ates CHGS and Teate c. c. and 
aa highest Pate highest 
counts. Pp counts 
-| Per ct. Per ct. 
A.. 1). reo. 243 | 229) 2,360,000 | 21.34 | g5o2000 27 | 30 | 2,850,000 36. 36 
2 219 | 198] 2,085,000 22 | 43 | 3,250,000 
3 242 | 243 | 2,425,000 24 | 40 | 3,200,000 
4 231} 245} 2,380,000 36 | 24 3,000,000 
5 250 |...--- 2, 500,000 36 | 39} 3,750,000 
6 264 | 233) 2,485,000 30 | 25} 2,750,000 
a (8 230 |.-.--. 2, 300, 000 37 | 28} 3,250,000 
8 243 | 245 , 440, 36 | 221 2,900,000 
9 271 | 235 | 2,530,000 34 | 25 |. 2,950,000 
‘B.. 1 | sodoos | 341 | 334 | 33,750,000 | 25.00 | soskooo | 41 | 31 | 36,000,000} 35.00 
2 274 | 266 | 27,000, 000 31 | 29 | 30,000, 000 
3 984 |... 28, 400, 000 30 |... .| 30,000, 000 
4 294 | 302 | 29, 800,000 30 30, 000, 000 
5 284 | 270 | 27,700,000 33 | 36 | 34,500,000 
6 301 | 303 | 30, 200, 000 38 | 29 |! 33, 500, 000 
7 325 | 331 | 32,800,000 38 | 44 | 41,000,000 
8 321 32, 500, 000 35 | 43 | 39,000,000 
9 314 j.2 2... 31, 400, 000 35 } 46 | 40, 500, 000 
Coos 286 | 290 288,000 | 22.31] ots | 42) 53 475,000 | 50.79 
2], 360 |} 254 307, 000 Al |.... 410, 000 
3 270} 289 279, 500 40 | 33 365, 000 
4 250 | 270 260, 000 31 | 42 365, 000 
5 314 | 250 282, 000 38 | 39 385, 000 
6 251 | 252 251, 500 30 | 33 315, 000 
7 268 | 250 259,000 32 | 38 350,000 
8 311 | 287 299, 000 82 | 44 380, 000 
9 261 | 306 283, 500 : 135. | 52 . 435,000 
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TasLe VII.—Comparison of bacterial counts obtained from the same samples of ice 
cream but with different dilutions—Continued. 


fy otis Nurs Pa a 
ion be- ion be- 
Sam-| pi Number o Average | tween epee Oty Aveerage | tween 
ler sion duplicate | COUnt per | lowest | Dilution. |", qy. | count per fowes 
0. ‘ c. Cc. an : c. Cc. an 
plates. highest phate highest 
counts. Pp counts. 
Per ct. Per ci 
1] xoetsoo | 321 | 310 | 31,500,000 | 63.47 | rostiss | 22 | 31 | 26,500,000 88. 69 
2 270 | 305 | 28, 750,000 35 | 36 | 35,500, 00 
3 386 | 372 | 37,900,000 24 | 37 | 30,500,000 
4 278 | 305 | 29,150,000 33 | 25 | 29,000, 000 
5 367 | 356 | 36,150,000 35 | 34 | 34,500, 000 
6 354 | 357 | 35,550,000 35 35, 000, 000 
7 431 | 466 | 44,850,000 43 | 27 | 35,000, 000 
8 47 Olesen = 47,000, 000 52 | 39 | 45, 500,000 
9 434 |...... 43, 400, 000 55 | 45 | 50,000, 000 
1] xdoo | 219] 186 202,500] 15.10] rosso | 24} 20 220,000 | 105.71 
2 PA eae 214, 000 200 eee 250, 000 
3 222 | 190 206, 000 23 | 24 235, 000 
4 192 j-..3.- 192, 000 13 ; 22 175, 000 
5 212} 194 203, 000 26 | 16 210, 000 
6 197 | 200 198, 500 SON eee 360, 000 
7 212 | 208 210, 000 20 | 24 220, 000 - 
8 231 205 218, 000 31 | 25 280, 000 
9 218 | 224 221,000 36 | 22 290, 000 
1} rodeos | 310] 298 , 30,400,000 | 17.85 | rostss1a | 19 | 13 | 16,000,000 | 131.25 
2 Q86r [sl 28, 600, 000 27 | 29 | 28,000, 000 
3 330) <. 2... 33, 000, 000 21 | 22 | 21,500, 
4 293 | 288 | 29,050, 000 29 | 22 | 25,500, 000 
5 284 | 288 | 28, 600, 000 31 | 28 | 29, 500, 000 
6 328 | 292 | 31,000,000 36 | 31 | 33,500, 000 
7 286 | 278 | 28, 200,000 35 | 39 | 37,000, 000 
8 275 | 285 | 28,000, 000 27 | 32 | 29,500,000 
1 | soctoos | 144] 178 | 16,100,000 | 105.22] rosdrooo | 22 | 20 | 21,000,000 |1, 014-28 
2 128 | 136 | 13, 200,000 17 | 47 | 32,000,000 
3 179 | 161 | 17,000,000 7 | 14 | 10,500, 000 
4 2007 eee an 20, 000,900 30 | 14 | 22,000, 000 
5 235 | 190 | 21, 250,000 6 | 1] 3,500,000 
6 USP 2 OSes 15, 200, 000 15 | 15 | 15,000,000 
7 130 | 1383 | 13,150,000 15} 9 | 12,000,000 
8 270) ae es 27,000, 000 38 |..--| 38,000,000 
9 222tlbeene e 22, 200, 000 33 | 45 | 39,000, 000 


VARIATION BETWEEN DUPLICATE COUNTS FROM SAME SAMPLE AND 
SAME DILUTION. 


As stated, we do not intend to say just what variation should be 
allowed between duplicate counts or a series of samples of ice cream 
from the same lot. Table VIII, however, shows some colony counts 
obtained by making a series of from five to eight plates from the 
same dilution. In five different samples a variation of from 7 to 
26.6 per cent was found. Among the duplicate plates in the exami- 
nation of other samples of ice cream a variation as high as 41 per 
cent was found. From figures given by other investigators of the 
results of bacterial counts of ice cream, variations in counts between 
duplicate plates as high as 88 per cent have been observed. It is 
obvious that the factor of variation among plates from the same 
dilution of ice cream must be taken into consideration when inter- 
preting the results of the bacterial analysis of duplicate samples or 
a series of samples from a given mass of ice cream. To this factor 
of variation must be also added that caused by the difficulty of 
removing exactly equal quantities of different samples of ice cream 
in order to make the first dilution, 
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Tape VIII.—Colony counts on duplicate plates from the same dilution of a sample of 
vce cream. 


Number of colonies on duplicate plates. 


Per cent 
1 243 229 225 208 232 Pcie ee ee ee 1 
2] 450} 460] 510; 470] 480) 470] 500}| 570 26. 6 
. 3 | 821 | 302) 307} 300°) 810) p22). a}e.- 22.2! 7.0 
4] 319] 310] 267} 298) 280]......|....-.]..--.. 19.4 
Si) 44 |) 0520) 15385) 278 | WIS ae eee. eee 23.6 


INTERPRETING DIFFERENCES IN BACTERIAL COUNTS. 


When expressing bacterial counts the mere statement of the dif- 
ference in the number of bacteria between two samples is not suffi- 
cient; in fact, it is impossible to interpret such differences properly 
without taking imto consideration the total number of bacteria 
found in each sample. If, for example, it is stated that 1 cubic 
centimeter of ice cream contains 75,000,000 more bacteria than 
another sample, the difference of so many millions conveys to the 
mind a marked disparity in the two samples. If, on the other hand, 
there is said to be a difference of only 750 or 7,500 bacteria per cubic 
centimeter, we should immediately think of the samples as being 
practically the same. 


TaBLeE 1X.—Hypothetical statement showing variable differences in bacterial counts of 
two samples of ice cream having a fixed ratio between colony counts and a fixed per cent 
of variation. 


Colony | Dilution. | Bacteria | Diderenee |‘etiween 
Per cent. 
SN Mibie Ads 22 oo \ 750 | 25.00 
Be Nico t00)cuee. 30° G00 \ 7,500 | 25.00 
BE Mtr, 000. 1.0 300 O90 \ 75,000 | 25.00 
ofa) Mi to) 20,000.).... 3 On DG 750,000 | 25.00 
375 \1 to 200,000... 30° 000° 000 7,500,000 | 25.00 
300 [ft to 1,000,000...1{ 359’ 900° aco. |f 73:000,000 | 25.00 | 
ave {1 to 10,000,000. . coo Oman 750,000,000} 25. 00 | 


Let us consider a hypothetical case, as shown in Table IX. We 
will assume that one sample of ice cream shows an average colony 
count of 375 and another 300. With a dilution of from 1 to 10, 
there would be a total count of 3,750 in one sample and 3,000 in 
the other, a difference of 750 bacteria per cubic centimeter, and a 
variation of 25 per cent between counts. If the same colony count 
were from a dilution of from 1 to 100 the difference in the bacteria 
in the samples would be 7,500, but the variation would be still the 
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same, or 25 per cent. As the total count becomes still higher, neces- 
sitating higher dilutions, the difference in bacteria per cubic centi- 
meter increases until at a dilution of from 1 to 1,000,000 the difference 
would be 75,000,000 per cubic centimeter. - 

A study of this assumed case merely serves to show that even 
though there is a difference of 75,000,000 between two samples of 
ice cream, there is no greater percentage of variation between the 
samples than when the difference was only 750 per cubic centimeter. 
It also shows, however, that a difference between counts expressed 
in bacteria per cubic centimeter should never be considered by itself 
but should be interpreted in relation to the total number of bacteria 
per cubic centimeter in each sample. 


SUMMARY AND CONCLUSIONS. 


The method of collecting samples and making bacterial counts — 
used in our experiments gives results which indicate that bacteria 
in commercial ice cream are distributed quite evenly and that an 
analysis of one sample from a gallon of ice cream gives results which 
will hold for any other similar sample from the same gallon. 

Storage of ice cream for 11 days in a commercial ice-cream cabinet 
or in a hardening room for a period of two months did not seem to 
cause an uneven distribution of bacteria. 

In a series of from 5 to 10 samples taken directly from a large 
commercial freezer the bacterial counts on each sample checked 
withm the usual limits of error of bacterial analyses. 

No greater variation in bacterial counts between samples was 
observed when the plates were incubated at 37° C. (98.6° F.) for 48 
hours than when incubated at 30° C. (86° F) for | a 1 period of five 
days. 

When dilutions were such that about 200 colonies were present 
on the plates a lower variation between counts of samples of ice 
cream was found than when there were 50 or fewer colonies per plate. 

The variation between a series of plates made from the same sample 
and dilution was found to range from 7 to 26.6 per cent. Among du- 
plicate plates a variation as high as 41 per cent was observed. This 
must be remembered in connection with the fact that the variation 
found in our experiments between average counts of different samples 
of ice cream from the same gallon lot ranged, generally speaking, 
between 20 and 30 per cent. To this variation between duplicate 
plates or a series of plates from the same dilution must be added the 
error introduced in removing 1 c.c. portions of ice cream from different 
samples. 

When interpreting bacterial counts, differences in the number of 
bacteria per cubic centimeter should never be considered except in 
relation to the total count of each sample. 
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GENERAL STATEMENT OF EXPERIMENTS CONDUCTED. 


During the cotton-growing seasons of 1915 and 1916 the writers 
conducted a series of studies to ascertain the value of various meth- 
eds of collecting boll weevils and infested cotton forms as a means 
of control for the cotton-boll weevil. The experimental work was 
conducted in the vicinity of Tallulah, Ua., while more or less ex- 
tensive observations were made at various points throughout Lou- 
isiana and Mississippi. The following studies apply most directly 
to the conditions existing in what is termed the “ Delta”’ of Louisiana 
and Mississippi, but are also undoubtedly applicable to other por- 
tions of the cotton belt where a severe weevil infestation prevails. 

In July, 1916, the senior writer published a preliminary report on 
the results of the 1915 studies‘ in order to place the information 
secured in a form available for use by the planters. © 


Notte.—This bulletin will be of interest to entomologists and to cotton growers in the Delta region of 
Louisiana. 

1Coad, B. R. Cotton-boll Weevil Control in the Mississippi Delta, with Special Reference to Square 
Picking and Weevil Picking. U.S. Dept. Agr. Bul. 382, July 8, 1916. 


96828°—Bull. 564—17——1 


2 BULLETIN 564, U. S. DEPARTMENT OF AGRICULTURE. 


The investigations of 1916 were conducted under seasonal and 
climatic conditions differing considerably from those of 1915 and 
were more extensive, so that it seems that the combined results of 
the two seasons’ investigations may be considered as more or less 
conclusive. The following report presents a rather brief summary 
of these experiments, together with the conclusions which seem 
warranted by the observations. 

The various field experiments were conducted by the junior writer 
and Messrs. W. B. Williams and T. P. Cassidy, under the direction 
of the senior writer. 


BRIEF REVIEW OF 1915 EXPERIMENTS. 


Before proceeding with a consideration of the investigations of 
1916 it is probably well to review briefly the results of the 1915 stud- 
ies, since the program of work for the second year was based upon 
these results. In 1915, plat tests of the collection of fallen forms in 
the cotton field gave an increased yield of 23 per cent over the un- 
treated cotton. Similar tests of weevil collection were started and 
the study of weevil infestation and other observations made during 
the season indicated that a similar degree of control was being se- 
cured. Unfortunately, the weevil-picking test plats of that year 
-were ruined by hail in the latter part of June, so most of the con- 
clusions on weevil picking were based on observations made prior 
to the hail storm and upon comparative efficiency studies of the 
various means of collecting adult weevils made later in the season. 

The seasonal conditions of 1915 in the neighborhood where these 
experiments were conducted were very peculiar. Owing to the 
rather severe winter of 1914-15 the emergence from hibernation in 
the spring of 1915 was very light and late, resulting in only a shght 
initial infestation. Following this, the exceedingly dry weather of 
July produced a very high climatic control of the weevil stages in 
the fallen forms. This naturally resulted in a comparatively light 
degree of weevil injury regardless of whether or not control meas- 
ures were practiced. In view of this very unusually light degree of 
injury it was considered probable that different seasonal conditions 
would produce different results from these control measures. 

One interesting feature of the investigation of 1915 was the study 
of different methods of collection of the weevils and infested forms. 
Consideration of two factors—(1) the labor supply available and (2) 
the labor required for the hand picking of either the weevils or the 
infested forms—showed these measures of repression to be imprac- 
ticable under the average Delta plantation conditions, hence an effort 
was made to find some way of reducing the labor requirements of the 
-picking operation. The most promising method considered in this 
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connection was the use of the bag-and-hoop as a weevil collector. 
This semimechanical method, which has been explained in detail in 
the earlier bulletin, proved to collect more weevils in less time than 
did hand picking, and as an additional advantage gathered a con- 
siderable number of infested squares and bolls during the course of 
the shaking operation. As it was so well adapted to the type of 
labor available and as it considerably reduced the amount of labor 
required, this method appeared to give the greatest promise of suc- 
cess. Consequently the investigations of 1916, which largely em- 
ployed the bag-and-hoop method of collection, were aimed at secur- 
ing information on the exact degree of control exerted by its use in 
the field under varying conditions. 


© LINES OF INVESTIGATION IN 1916. 


The experiments of 1916 may be divided into three more or less 
distinct lines of investigation. These were: (1) Plat tests under 
field conditions to determine the degree of weevil control produced 
by the operation of the bag-and-hoop for different periods at various 
time intervals between pickings; (2) intensive studies on the relation 
of the time interval between the pickings to the proportion of the 
infested forms collected in the bag; and (3) studies on the efficiency 
of certain mechanical collectors. 


TIME INTERVAL BETWEEN BAG-AND-HOOP COLLECTIONS IN RELATION 
TO PROPORTION OF INFESTED FORMS SECURED. 


_ As has been stated, one of the favorable features attending the use 
of the bag-and-hoop as a means of collecting weevils was the collec- 
tion of the infested squares and bolls while shaking the plants for the 
weevils. Thus this operation to some extent combined the results 
secured from two operations—(1) hand picking of weevils and (2) 
hand picking of infested forms. However, in attempting to outline 
some scheme for the practical use of the bag-and-hoop in the field 
it was necessary to know just what proportion of the forms fall- 
ing to the ground because of weevil injury would be collected at 
different time intervals between pickings. In other words, it seemed 
desirable to find just what time interval would be necessary to secure 
the largest proportion of the infested squares and still be feasible for 
use. Indirect mformation on this score was of course secured from 
the general field tests of the use of this method of control; but, in 
addition to these, an intensive study was conducted by Mr. Williams 
on Kureka plantation, near Tallulah, La. The idea of this study was 
not so much to secure information on the actual degree of weevil 
control exerted by this operation in the plats under observation, but 
to secure information on the forms collected in the bags and the 
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forms reaching the ground in the different plats. As one of the 
larger field tests of the bag-and-hoop method was also located on this 
same plantation, this intensive study was termed “ Eureka Experi- 
ment No. 2.’ 

DESCRIPTION OF PLATS. 


For conducting this study a small block of cotton was selected in 
the center of the cut. This cotton was a part of the general planting 
of the cut and was farmed exactly the same as the surrounding cotton 
throughout the season. The experimental area considered was 32 
rows in width and 150 feet long. This was divided into eight plats of 
four rows each. The two outside plats were left untreated as checks, 
while plat 1 was shaken with the bag-and-hoop six times a week; 
plat 2, five times; plat 3, four times; plat 4, three times; plat 5, twice; 
and plat 6 once a week during the experimental period. These pickings 
were distributed through the week as well as possible. In addition 
to picking these plats a strip 30 feet in length beyond the end of each 
plat was gone over each time that the adjoming plat was picked. 
This was done simply to provide a buffer system which would protect 
the plats from an immigration of weevils from unpicked cotton. 

The cotton variety used in these plats was the Simpkin’s Ideal, and 
a good stand prevailed at the beginning of the experiment. 


METHOD OF OPERATION. 


The method of collection used in these plats was the ordinary 
- system of bag-and-hoop shaking, the plants being shaken into a sack 
held open by a hoop sewn in the mouth. 

Negro laborers were used for the work, but they were under the 
constant supervision of an Sai ceallosiay and care was taken to 
make the work very thorough. Unnecessary injury to the plants 
was avoided as much as possible. At the beginning of the season 
bags about 20 inches in diameter were used for the small plants, but 
these were later replaced by considerably larger ones which allowed 
a reasonably thorough treatment as long as the pickings were 
continued. 

The pickings were started on June 12. The plats had been watched 
carefully for some weeks before that time in order to start the picking 
as soon as the weevils became sufficiently abundant to make the 
records of any value. The initial spring infestation in this particular 
cut of cotton was rather light, and it was not until about this date that 
any weevils could be located in the plats. Following this first picking 
the schedule mentioned was continued for nine weeks, thus making 
the total pickings of the different plats range from 9 in plat 6 to 54 
in plat 1. 
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WEEVILS COLLECTED. 


Throughout the experimental period a record was kept of the 
number of weevils gathered from each row of each plat at each pick- 
ing. These records are only of incidental interest, as the extreme 
smallness of the plats, of course, allowed more or less of an interplat 
movement of weevils every day, and the records secured bear no 
relation to the conditions which would exist if larger tracts were 
picked at the different time intervals. However, the row and plat 
totals and plat averages for the season are of some interest and are 
given in Table 1. 


TasLe 1.—Total number of weevils collected, by rows and plats, Eureka plantation, 
Talluluh, La., 1916. 


Total Average 
Plat No number | Row No.| Row No.| Row No.| Row No.| Plat per 

: of 1. 2. 3. 4, total. picking 

pickings. for plat. 
1 ho Sanaa SEO ce A eAN eS Saree 54 275 257 130 210 872 16.1 
sis be RO Soe S NACo: ESA ate 45 229 203 184 176 792 17.5 
Bae L bec enor ce ener ene meses sae 36 169 167 243 176 755 20.9 
dagd sosanssedadaeassSseceuereess 27 127 174 100 136 537 19.8 
Be Soares = 6 dbs so SOBA see gee Pae 18 92 114 108 110 424 23.5 
Woo sooebsosodosgcnoHsssonsageoes 9 81 60 84 62 287 31.8 


From this table it is seen that, generally speaking, the weevils per 
picking increased about in proportion to the increase in the time 
interval between pickings. However, the average number of weevils 
per picking in plat 6 was only twice that of plat 1, whereas plat 1 
was picked six times as often as plat 6. The fact that there was an 
increase in the numberof weevils secured per picking with the 
decrease in the number of pickings shows that the weevil movement 
within even these small plats was at least not sufficient to equalize 
the distribution completely throughout the plats between the pick- 
ings. This point is of principal interest in connection with the con- 
sideration of the important question of the extent and effect of the 
interplat movement of weevils in the larger field tests, which will be 
discussed later in the present report. 


FORMS COLLECTED IN BAGS. 


In the same way that the weevil collections were recorded the 
forms gathered in the sacks from each row at each picking were 
noted. These forms were examined each time and divided into 
squares and bolls; then these were redivided into those uninjured 
(termed ‘‘clean’’), those weevil punctured, and those showing other 
injury, such as rot, worm injury, etc. The plat totals secured during 
the different pickings are shown in Table 2, and are rearranged in 
Table 3 to show the averages per picking for each plat. 
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TABLE 2.—Total number of forms collected in bags and percentage injured, Eureka 
plantation, Tallulah, La., 1916. 


Bolls. Squares. 
celal 
Weevil | Other in- Weevil | Other in- “bolls 
Clean. 2 Clean. : d 
P 3 f , Total e an 
lat No punctured jury cae punctured. jury. Total | squares 
are ber ed col- 1 col- 
To- | Per} To- | Per} To-| Per a To- | Per| To- | Per To-} Per lected | lected. 
tal. jcent.| tal. |cent.| tal. |cent. *| tal. jcent.| tal. |cent.) tal. |cent. 
1 Ee sete Se 1,224) 44.5) 770) 28.0) 755) 27.5) 2, 749/1, 435} 33.7) 2,740) 64.2) 91) 2.1) 4,266) 7,015 
Zieh Seis tee 800) 42.9) 577) 31.0) 486) 26.1) 1, 863)1, 362) 30. 2) 3,073] 68.0) 82) 1.8} 4,517| 6,380 
Sere see ee sees 610) 37.9) 481) 29.8] 520} 32.3] 1,611/1, 424] 32.0) 2,969] 66.6) 64) 1.4) 4,457; 6,068 
ye eee A ANE a ce 633 44.4 422) 29.7| 368] 25.9} 1,423] 726] 25.8] 2 027] 72.0 63} 2.2) 2,816 4, 239 
5ylass sass 171 28.1 246) 40.2) 195] 31.7 612} 686) 26.4) 1,813) 71.4 55) 2.2) 2,554 3, 166 
Gia ee Seana 121) 35.7} 118} 34.8} 100) 29.5 339] 562] 30.7] 1,240) 67.6) 32) 1.7} 1,834] 2,173 
ae eee 35009 |nacee 2,614)..... 2, 424)... 8, 5976, 195)... . 135862|Eass2 BieYA oases 20,444) 29,041 
eig e 
average. ....|....- A A ee 30.4]. .... 28:2) c.n ieee |peeee 3053|Eae= = 67 8|s-eee et Bea oso-cete 


From Table 2 it is seen that the total forms collected ranged from 
2,173 for plat 6 to 7,015 for plat 1. In other words, three times as 
many forms were gathered in the bags in plat 1 as in plat 6. These 
figures show the number of forms collected per plat to increase quite 
rapidly with the increase in the number of pickings. In fact, the 
average bolls per picking increased somewhat with the increase in 
the number of pickings per plat. The figures on the percentage 
infested and clean show this increase to be largely due to the fact 
that more clean bolls were shaken off as the number of pickings per 
week was increased. This was quite probably due to the weight of 
the bolls breaking the stems during the frequently repeated shakings. 

The square collections show different results from the boll records 
just noted. With the squares the increase per collection as the shak- 
ings decreased in frequency is marked, ranging from 79 for plat 1 to 
204 for plat 6. This difference in results between bolls and squares 
is probably due to the fact that the clean squares are not broken off 
in such large numbers by the excessive shakings as are the bolls. 
In fact, the percentage of clean squares collected in the different plats 
ranged only from 25.8 per cent to 33.7 per cent, while the clean bolls 
ranged from 28.1 per cent to 44.5 per cent. Incidentally, these 
results seem to indicate a rather undesirable amount of loss of clean 
forms due to the shaking process. 

The high percentage of bolls recorded as ‘‘other injury” was due 
to the fact that practically daily rains prevailed in the experimental 
area during the month of July, and consequently there was a great 
shedding of young, infertile or rotting bolls. This rain may have 
increased the natural shedding of clean forms also, and thus raised 
this percentage above normal. In the total of all the pickings in all 
plats, one-third (weighted average 33.9 per cent) of the forms col- 
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lected in the bags were clean. Of course, some of these forms may 
have belonged to the class which shed normally for physiological 
causes, but this proportion seems to be very undesirably high. 

The fact that the squares collected in plat 1 numbered only two 
and one-half times as many as in plat 6, in spite of the fact that 
the former was picked six times as often as the latter, is of interest. 
This shows that a picking at a weekly interval secures more than 
that day’s pro rata of the squares due to fall. 


FALLEN FORMS COLLECTED. 


As a check on the relative number of forms collected in the bags, 
-the number of forms falling to the ground in each row was also deter- 
mined, To accomplish this all forms were picked from the ground 
once a week, beginning June 29. These were examined and sorted 
into bolls and squares, clean and injured. This sorting was continued 
until July 31, when it was found that so nearly all fallen forms were 
injured that they were divided only into bolls and squares. Unfor- 
tunately, the forms were not collected from the ground in the checks 
for the first four weeks. On July 25, however, all forms were cleared 
from the ground in the checks, and these two plats were included 
in the last three pickings. This makes it necessary to consider only 
these three pickings when comparing the picked plats with the checks. 


TaBLE 3.—Forms collected in bags averaged by pickings, Eureka plantation, Tallulah, 


La., 1916. 
Total forms col- 
Bolls collected. Squares collected. lected! 
Plat No. es 
ig Q Average Average - | Average 
Total. _ per Total. per Total. per 

picking. picking. picking 
Nee Sere eeeett rates sve eel esti Peas 54 2, 749 51 4, 266 79 7,015 130 
Ds ecigciae SSE CALS Gee Se eee 45 1, 863 41 4,517 100 6, 380 141 
Ob ICeneSBE sOeh ches eee ee ee 36 1,611 45 4,457 123 6, 068 168 
the comacchic SuSE Ie Se oe ee eee 2 1, 423 52 2, 816 104 4, 239 156 
O55 CRORE COS Se RSA ae Soe ee eee ee 18 612 34 2, 554 142 3, 166 176 
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Tasie 4.—Fallen forms collected. Plat totals at each collection, Eureka plantation 


Tallulah, La., 1916. 


Plat 1. Plat 2. 
Bolls. Squares. Bolls. Squares. 
Date picked. 
5 aig Pals reap ages | £ 
| {eat Sl ae lode oS. |g, lg |) Sena ieee 
Be Se Ve ebiSae st sil Sih Sa eee 
= q = q = q rt q 
a iS} cal A iS) 4 Z iS) I a ie) A 
ALLO 0 eS? 48 ee aca aR SS ETN) LS er Ua 34 13 7) lal RE eel ee el a ie 42 18 24 
JULY Baeee eee ee ese eee Tees eel eciaes 40 14 260) EO Fae Se eee 16 8 8 
July 10. et pee Shee 394 108 286 | 248 58 190.| 482 152 |} 330 375 181 194 
liye ese Lute Sees 497 17 | 480 | 227 40 | 187} 205 16} 189] 200 74 126 
Tuly.255 2s 5542s Sse ess 900 | 219 681 465 64 | 401 889 364 525 431 86 345 
Duly lessees. See sce 70S Nes eee 701 | 692 ]...... 692 | 836 |.....-. 836 {1,504 |...... 1,504 
DA Peete as soho dingy eee BBA i ec 834 |1,085 |...... 1,085 | 942 |...... 942 |1,566 |...... 1, 566 
TAU) Vayama ae ese erre none 2045 ee 204 | 442 |.._... 442) 431 |.....-. AST io0 8 | seeeer 750 
Potalicce ates seas Sees 3,543 | 344 |3,186 [3,233 | 189 |3,044 |3,794 | 532 |3,253 /4,884 | 367 | 4517 
Plat 3. Plat 4 
Bolls. Squares. Bolls. Squares. 
Date picked. 
B 3 | 8 rt te ao |'8 J 
a d 5 = d & = f= B SI qd 2 
UA AE ad i ees fa cela ae Wile Shi) ee 
a 1S) q 4 iS) ne 4 6) A a 1S) 4 
AUIS DOR eee AN IE Sey eee G |e at Nye eh ue a 23 8 LOA eset ls 2 cee | Peeeens 48 12 36 
di har ese eesamreer ye te aes ae ON ees ool esacos 19 10 9 Va ees bere 26 11 15 
Uy AO sees We sy eee 379 81 | 298 | 241 91} 150| 365 90} 275 | 183 84 99 
olf 2S Ei tes ak et pie kee, ld 170 17 153 196 63 133 | 338 43 295 | 299 31 268 
abl hf Ci teal ease SS aCe aCe 1,112] 194] 918 | 468 44 | 424 |1,974 93 |1,875 | 851 54 797 
Slysolee ee ere ee eee e203 eeee. 1,203 | 957 |.--.-- 957 11,360 |.--.-- 1,360 1,403 |...-.- 1, 403 
EER heh cece lees aonoasaee SIGRes 816 {1,007 |...... 1,007 | 885 |...... 885 |1, 044 |..-..- 1, 044 
HANTT DMUT AN Seer Ja ene te natn eels 645i Seace- 645 |1, 224 |...... 1,224 | 647 |.....- 647 | 843 |.....- 843 
otal ae Bae ee 4,334 | 292 |4,033 [4,135 | 216 /3,919 |5,583 | 232 |5,337 |4,697 | 192 | 4,505 
Plat 5. Plat 6 
Average 
of both 
Date Bolls. Squares. Bolls. Squares. checks. 
picked. = ; ; ; : 
© gj | & 3 | 8 J © i. Spal eeaee 
1d | Bhalla Slaalodal os | go. | cd area eal ee 
Boles | Bre ees Sees ee Bs eS aes 
= q = q = q i q >) or 
4 6) r=) Z iS) 4 a iS) A Z (6) =) ica) RN 
JUNO! ae ae es eae a ONS 21 5 BSS ps cae a ae eee 65 16 AGM SeOye a Peer 
Julyc3 oss se28 Al eae Bi starciche 20 3 17 S74) eoasesloperige 64 20 pe eee a | aeeae 
July 10...... 330 70 | 260] 341 121 220 | 821 514 307 739 438 SOLT|ESeere | tecccs 
Uw vaVisseone 219 10 | 209 287 24 263 543 86 | 457 655 61 594.) Sees eeeiaace 
July 255.2. 2- 1,570 66 /1,504 ;1, 087 121 966 |1, 997 109 |1,888 | 1, 253 87) | GGy Bascal leeeeee 
July 31.... 986 |....-- 986 |1,561 |...-.-- 1,561 |2,090 |....-- 250900) 82 536N lessees 3,536 |1, 861 | 3,081 
I NOVA sea oe 169F| eee 691732) | Senos NAVeY) NATH, |\Sacoss Ped) 128645) | Senos 2,645 |1, 233 | 2, 248 
IN ee A924 eae 492 |1,383 |...... 1,383 | 913 |...... 913 | 2,874 |...... 2,874 |1, 032 | 2,218 
Total .|4,370 | 146 |4,220 |6,432 | 274 |6,158 17,563 | 709 |6,832 [11,831 | 622 |11,209 |4,126 | 7,547 
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Taste 5.—Summary of fallen forms collected from picked plats, showing percentage 
injured and clean, Eureka plantation, Tallulah, La., 1916. 


Bolls, Squares. Squares and bolls. 

a Clean. | Injured. $ Clean. | Injured. Clean. | Injured. 
= 3 
Plat No. i) Sh 

a ; : sy linees es eas pel Se Mise oh Bad 

wa by ~~ by ~ ww = 

ehh Sei Mav Winey TASS lh I) hel| tak | Pa at toe 

(3) oO °° 3) 3 3) ) 

E A 5 F 5 g g S : S| 6 F S : 5 

Z2|1|4/6/4 |e|y4i14aja| 4 ie}1a]4 ia} 4 ie 

357/10. 0} 3, 186/89. 9} 3, 233} 189) 5.9) 3,044)94. 1] 6,776} 546) 7. 6) 6, 230/92. 4 

541/14. 3] 3, 253/85. 7] 4,884] 367) 7.5) 4, 517/92. 5) 8,678) 908/10. 5) 7, 770)89. 5 

301] 7.0} 4, 033/93. 0) 4,135} 216] 5. 2} 3,919)94. 8} 8,469) 517) 6.1) 7, 952/93. 9 

246) 4. 1] 5, 337/95. 9] 4,697] 192] 4. 1] 4, 505/95. 9/10, 280) 438] 4. 3] 9, 842/95. 7 

150] 3. 4] 4, 220/96. 6] 6, 4321 274] 4.3] 6, 158/95. 7/10, 802} 424] 4. 0/10, 378/96. 0 

731| 9. 7| 6, 832/90. 3/11, 831] 622] 5. 3/11, 209/94. 7|19, 397|1,353] 7. 0|18, 041/93. 0 

2, 326)... .|26, 861]... .|35, 212/1, 860]... .|83, 352)... . .|64, 399]4, 186]... .|60, 213]... 

Bates Ip MisasacgtyAl|eeosclldcosel G8 7scoccslt! Sts) |cangcollacodal|eh@llsaoesaltsa) 


TaBLeE 6.—Fallen forms collected at last three collections, Eureka plantation, Tallulah, 


La., 1916. 
Plat 1. Plat 2. Plat 3. 
Date. 

Bolls. | Squares.) Total. | Bolls. |Squares.| Total. | Bolls. | Squares.) Total. 

Julypsle men ee epg see? 701 692 | 1,393 836] 1,504} 2,340] 1,203 957 | 2,160 
INURE 6 a ER OO 834] 1,085] 1,919 942| 1,566] 2,508 816 | 1,007] 1,823 
TACT A ph ee bs ee dy 204 442 646 431 750 | 1,181 645 | 1,224] 1,869 
MotaleehAeeuk 22! - 1,739 | 2,219] 3,958 | 2,209] 3,820) 6,029| 2,664] 3,188 | 5,852 


Plat 4. Plat 5. Plat 6. Average check. 


Date. 7 
Bolls.|/Squares. | Total. | Bolls.|Squares. | Total. | Bolls.|Squares. | Total. | Bolls.|Squares. | Total. 


Taly3te ee) 1,360] 1,403 | 2,763] 986 | 1,561 | 2,547 |2,090| 3,536 | 5,626 |1,861 | 3,081 | 4,942 
Aug.7.....| 885 | 1,044] 1,929| 769| 1,732 | 2,501 /1,177| 27645 | 3,822 1,233 | 27248 | 3/481 
Aug. 14....| 647: 843 | 1,490 | 492| 1,383] 1,875| 913| 2,874 | 3,787 |1,032| 27218] 3/250 


Total... .|2, 892 3,280 | Que 2,247 | 4,676 | 6,923 /4,180| 9,055 |13,235 |4,126| 7,547 | 11,673 


Table 4 shows the plat totals of fallen forms at each of the pickings, 
while Table 5 shows the total collections from each of the picked plats 
throughout the season and indicates the percentages of clean and 
injured forms in each lot. In order to facilitate comparison with the 
checks, the last three collections of fallen forms have been isolated 
and summarized in Table 6, together with the check records. 

From these tables it is seen that the total fallen forms collected in 
the picked plats throughout the season ranged from 6,776 for plat 1 
to 19,397 for plat 6. Thus it is seen that about three times as many 
forms reached the ground in the plat picked once a week as in the 
plat picked six times a week. 

96828°—Bull. 564—17——2 
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Turning to Table 6, which includes only the last three pickings, and 
thus affords a comparison with the checks, it is interesting to note 
that the checks yielded not quite three times as many failen forms 
as plat 1. In other words, bag-and-hoop pickings six times a week 
secured only two-thirds of the squares due to fall and allowed one- 
third to reach the ground. It will be noted that plat 6 yielded more 
fallen forms than the checks. However, this is due to the fact that 
the check record is an average of both checks and there was a slight 
grading in the soil from east to west which caused the growth and 
fruiting of check 1 to be more determinate than that of check 2. 
This resulted in a much smaller number of squares forming in check 1 
this late in the season and as a result this plat lowered the check 
average. For this reason it is more accurate to compare plat 6 with 
check 2 in these last three pickings, as these two plats adjom. Com- 
paring in this manner it is seen that plat 6 yielded a total of 13,235 
fallen forms at the last three pickings while check 2 yielded 14,342. 
This is a total reduction of only 1,107 fallen forms due to the once a 
week shaking, or an average reduction of 369 per week. In this 
connection it is interesting to note that the forms collected in the 
bags from plat 6 durmg those same three weeks averaged 481 per 
week. Totaling these figures it is seen that 14,677 forms were 
collected in the bags and from the ground in plat 6 during these three 
weeks. This is 335 more than those found on the ground in check 2. 
This difference in totals is practically accounted for by the fact that 
290 clean forms were gathered in the bags on plat 6 during these 
three pickings. 

In connection with these studies it is of interest to compare the total 
forms gathered both in the bags and from the ground in each of these 
plats. Table 7 shows these data for the picked plats, while Table 8 
shows only the final three weeks in order to afford a comparison with 
the checks. 


TaBLe 7.—Total forms collected in picked plats throughout season, Eureka plantation, 
Tallulah, La., 1916. 


Forms collected. 


Mode of collection. 7 - 
Plat 1. Plat 2. Plat 3. Plat 4. Plat 5. Plat 6. 


Tn bags.--.- ea AO Gia, Ak 7,015 6,380 6, 068 4, 239 3, 166 2,173 
rom: prounds_< 25)... 8n eee. ee 6,776 | 8,678 8,469 | 10/280] 10,802 19,397 


Totale eee ay e U a Ee cs 13,791 | 15,058 | 14,537) 14,519| 13,968] 21,570 
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TasLe 8.— Total forms collected from picked plats and checks during final 8 weeks, Eureka 
plantation, Tallulah, La., 1916. 


Forms collected. 


Mode of collection: Average, 
Plat 1. Plat 2. Plat 3. Plat 4. Plat 5. Plat 6. both 
checks. 
Tnkbacseee renee so. oak. 3,935 4,369 4, 027 2,847 2, 146 1), 09 | ondecace- 
Onjgroundeesay eee 3, 958 6, 029 5, 852 6, 182 6,923 | 13, 235 11, 673 
Mate LE case ars (40) 7,893 | 10,398 9, 879 9, 029 9,069 | 14,677 11, 673 


In Table 7 it is seen that the total for the picked plats ranged from 
13,791 for plat 1 to 21,570 for plat 6. However, if plat 6 is excluded, 
the totals are more or less approximate. 

In Table 8 it is seen that for the last three weeks the totals ranged 
from 7,893 for plat 1 to 14,677 for plat 6. All plats totaled less than the 
average check except plat 6, which was 3,004 above check. Here again 
the soil gradation probably distorts the results somewhat, and in 
considering all late season results it should be remembered that the 
soil graded lighter from east to west and the fruiting became more 
determinate, so that the figures for the various plats can not be 
accepted absolutely at their face value. Another factor operating 
at this time was the effect of the shakings on plant development. 
This will be dealt with in detail later in the present report. 


WEEVIL INVESTATION. 


Although the plats were so smail that they could not represent, or 
even approximate, an actual test of weevil control under field condi- 
tions, the progress of the infestation was still followed very carefully 
throughout the season. ‘This record was determined for each plat by 
examining 100 squares at each end and the middle of the two inside 
rows of the plat. This made a total of 300 squares for each plat and 
the percentage of these which had been weevil injured was noted. 
These records were made about once a week during the season. The 
detailed results secured are shown in Table 9. 


TaBLE 9.— Weevil infestation, Eureka plantation, Tallulah, La., 1916. 


Date. Plat 1.| Plat 2.| Plat 3.) Plat 4.| Plat 5.| Plat 6. |\Check1./Check 2. 

delat 1) 5 os Sep geteeceeoeaoecaaeaters 8.0 15.0 6.3 4.6 0.6 2.6 9.6 4.3 
MUI P20 arsine seis e Sine eaeineweee 3.3 5.6 4.6 6.6 4.0 5.3 3.3 5.0 
AIS) 20 5 CoO COE Bee Sic anne 6. 6 4.6 6.6 5.3 5.3 7.0 14.0 10.6 
UU ga se sere sce ser cid ants bas se tikic 12.7 11.7 11.3 5.3 6. 7 11.3 16.0 13.3 
RUUD yap ele es eens Mees 7.6 6.6 4.6 12.6 19.0 25.0 28.6 24.6 
FC A TA ees a ep RE a A i 21.0 22.0 20. 3 23.0 50.3 47.3 57.0 42.6 
Uy ger See eee ese ee eee 71.3 64. 7 64. 7 68. 7 71.3 76. 7 92.0 84.3 
ANTI 5 Ro SG eU OES HEE ES NE eae oeRa ee 90. 0 83. 0 91.0 94.0 93.3 90. 3 95.7 94.0 
[NTE Oa SESS BROS eee at aCe seperate 85.3 85. 7 86. 7 89. 7 91.3 88.3 97.3 94.3 
PAW ORY Severe te tases atelt crcisreia cielo bia sisters ie eine 93.3 94.3 94.7 97.7 97.0 97.0 97.7 97.0 
Average of each plat..........- 39.9 39.5 38. 9 40.7 43.9 45.1 51.1 47.0 
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From Table 9 it is seen that a uniformly low infestation prevailed 
in these plats during the entire month of June, and it was not until 
the record of July 11 that any significant difference in the infesta- 
tion of the various plats appeared. Even then the difference was 
rather irregular, though it showed that plats 5 and 6 and the two 
checks were becoming more rapidly infested than the remainder. 
This same condition prevailed at the examination made July 19, 
but by July 26 the difference had been more or less neutralized, and 
from that time onward the only consistent difference was the slightly 
higher record of the checks above the picked plats. Taking the 
seasonal average of the various plats, it is seen that plats 1 and 4 
were practically equal, while plats 5 and 6 showed a shght increase 
of about 3 per cent and 5 per cent, respectively, while the two checks 
were slightly higher still. These figures would seem to indicate 
that, even in the exceedingly small plats under consideration, the 
pickings of three times a week or more tended to reduce the degree 
of weevil infestation. 


EFFECT OF SHAKINGS ON PLANT DEVELOPMENT. 


Rather early in the season it was observed that the shakings 
were apparently having a decidedly pronounced effect upon the 
growth of the plants in the various plats. It was noted that the 
plants in the most frequently shaken plats were apparently standing 
still as far as growth in height was concerned and that the more 
frequent the shaking the more pronounced this effect. 

One method of measuring this effect was a series of studies on the 
average height of the plants, which was determined by measuring 
20 plants in each row and taking the average. The first measure- 
ment was made on June 13, when it was found that the plants were 
more or less uniform in height, the range being only from 14.7 inches 
to 20.2 inches. At this time it was noted that the 15th to 18th 
rows (plats 4 and 5) were lower than the remainder. This was due 
to a slight dip in the land extending over these four rows, which 
had a tendency to retain standing water and thus somewhat retarded 
plant growth. This tended to reduce the average of these two 
plats, as will be noted in Table 10, which gives average heights of 
the plats and rows. Other than this slight difference the growth 
was very uniform over the series of plats. 


PLATE I. 
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Fia. 1.—LooKiING Across END OF BUFFER OF PLAT 1, UNSHAKEN PLANTS ON LEFT, 
EUREKA PLANTATION, TALLULAH, LA., JULY 25, 1916. (ORIGINAL.) 


| Fic. 2.—DiviDING LINE BETWEEN PLATS 1 AND 2, THE SHAKEN COTTON ON THE RIGHT, 
EUREKA PLANTATION, TALLULAH, LA., AUGUST 4, 1916. (ORIGINAL.) 


COMPARISON OF SHAKEN AND UNSHAKEN COTTON PLANTS IN 
BOLL WEEVIL CONTROL. 
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TaBLE 10.—Average height of plants in each row and plat on June 13, Eureka plantation, 
Tallulah, La., 1916. 


Row No.| Row No. | Row No. | Row No. |Plat aver- 
Plat number. 1. 2. 3. 0 age. 

Inches. | Inches. | Inches. | Inches. | Inches. 
Wes pases ued OOS eS OCR E OCA BO BES SOE Se tn eer 18.3 14.7 16.1 15.7 16 
CE ee ole cia nic eee als Si ciels eee ecmac waisieeie. che 15.0 17.1 18.6 16. 2 16.7 
Se ere eee en miss tee ee ors ts Yond. saad 15.7 16.5 16.6 19.5 17.0 
bb. sa cdS505S CHAS CRESS Se ea Sa ae Were, 15.1 12.8 13.8 14.7 
Deno cebe DER OC O BUCS oOo CEE DB a OOO EO oE ae aes ae 12.7 14,2 15.6 19.5 15.5 
(Ds sb cod sSeSdGS kOe BSSS SAS Bele See et a ee 19.0 16.2 17.2 15.6 17.0 
Whecksle sa Salas ems ee ein is ed oe oR De oh Se 19.8 21.4 20. 2 19.5 20. 2 
WHC Cerra eee a telate ala eiWarapa olsen wi aibisie wreeleiess 18.1 19.2 20. 0 19.7 19.2 


On July 15, just about one month later, similar measurements 
were made in these same plats and it will be seen from Table 11 
that very different results were secured. 


TABLE 11.—Average height of plants in each plat, Eureka plantation, Tallulah, La., 
1916. 


Date measured. Plat 1. | Plat 2. | Plat 4.| Plat 4.) Plat 5.| Plat 6. Chegs Checks 
Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. 
IMO Rae ny ee eet et 16.2 16. 17.0 14.7 15.5 17.0 0. 2 19.2 


SHUT AN Dee che isco crit 2 Sehacls 19.8 23.1 25. 4 25.5 29.2 34.7 37.4 44.3 


Plat 1 was far the lowest in height, and there was a regular increase 
in height with the lessening in the number of shakings, the two checks 
bemg highest of all. Of course, at this time the factor of the deter- 
minate growth due to soil had become somewhat effective, and it will 
be noted that check 2 averaged 7 inches taller than check 1. This 
would tend to make the plants grade gradually in height from plat 1 
to plat 6 regardless of their treatment, but the grading was far more 
extreme than this soil difference could explain. In fact, it will be 
noted that plat 6 averaged 10 inches less than check 2, which adjoined 
it. In the same way, plat 1 averaged 18 inches less than its adjoiming 
check 1. 

A number of photographs were taken to illustrate these differences 
in height of plants on July 15. Plate I, figure 1, shows a typical 
plant in plat 1 with the leaves removed, while figure 2 of the same 
plate shows a typical plant in check plat 2, thus affording a comparison 
of unshaken plants with those shaken six times a week. To illus- 
trate this difference further, photographs were made showing the 
dividing lines between shaken and unshaken cotton. These are 
given in Plate II. These figures show very well the tremendous 
effect of the shaking operation on the height and form of the plants. 

In addition to reducing the height, it was found that the shakings 
had considerable influence on the branching and general make-up of 
the plant. The most frequently shaken plants presented a bushy, 
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compact form with exceedingly short internodes and badly deformed 
stalks and branches. In addition, these frequently shaken plants 
were much darker in color than the others, plat 1 appearing almost 
blackish, m fact. This color graded off as the shakings decreased 
until it reached the checks, which were at that time a light-yellowish 
green. 

At the time this plant injury was noted, examinations were made 
in all other tests with the use of the bag-and-hoop being conducted 
by the writers. These were large field plats, each some acres in 
extent, but it was found that wherever the bags had been used the 
plants presented this same deformed, dwarfed appearance, and the 
more frequent the use of the bags the more pronounced the injury. 

The exact causes of this injurious effect of the shaking operations 
on the cotton plant are not positively known, but it seems probable 
that they-are produced by several different factors. In the first 
place, it was noted that a-very large number of terminal buds were 
found in the bags at all shakings, and it is probable that this loss of 
terminal buds was very effective in producing the bushy growth 
noted. The loss of the terminal bud, of course, forced the formation 
of adventitious buds and aided in developing the very irregular 
branching. In addition to this, considerable injury to the stalk 
itself was observed, due to the bending during the shaking operation. 
In shaking the plants with the bag-and-hoop, it is customary to bend 
the stalk near the ground at a rather sharp angle in order to insert 
the plant into the bag before shaking it. This apparently resulted in 
some crushing of the tissues at the pomt of bending. In extreme 
cases noted in the most frequently shaken plats the stalk was badly 
scarified at the pomt of bending, and in some cases was actually 
split for a distance of several inches. 

Still another effect was probably the disturbance of the root system. 
Whenever the plants are shaken the movement pushes the soil away 
from the stalk for a distance of from 1 to 2 or 3 inches below the 
surface of the ground. This forms a small hole all around the stalk, 
and it is probable that during the formation of this hole the important 
lateral roots, which branch out near the surface of the ground, are 
either very seriously injured or actually broken off. In fact, a num- 
ber of plants examined showed a decidedly distorted development at 
the surface of the ground. 


SQUARE COUNTS. 


Another effect of the shaking operation on the plants is shown by 
the square counts which were made twice during the season. For 
securing these records 50 plants were examined in each plat and the 
total and average number of squares per plant determined. The 
first count was made June 13, while the second was made on August 
11. The results secured are shown in Table 12. 


CONTROL OF BOLL WEEVIL IN MISSISSIPPI DELTA, 15 


TaBLE 12.—Square counts, Eureka plantation, Tallulah, La., 1916. 


June 13. Aug. 11. 

Plat No. aT Number | Number Feet Number | Number 
esa of squaresjof squares exaTi of squares|of squares 
aan, found. {per plant. ined found. |per plant. 

oe 
Tes SB a ob 56 5 ae cae eee eaten Snbeae nen ate 50 689 13.8 50 167 3.3 
(55 os BeBe RBH ot REA EE Ae ee eae areas ae 50 615 12.3 50 672 13.4 
SENN oles (ols ERM as 2582 SIs eet ayayes Shon oe DhckarsnatShercler ers 679 13.6 50 709 14.2 
ANI a yates Sire eres WAG Wyle ad ia lk ooh 50 518 10.4 50 504 10.1 
SIR aera ee Sh CY ten yon yan h ior alc or A cyevatanoneva 568 11.4 50 827 16.5 
SCOOS QU DUO aN COO ROU E CEE eee ene rae 50 705 14.1 50 894 17.9 
CHECK ene yea Tee 50 896 17.9 50 367 7.3 
Cheeke2 eaten aesee amccie oaeececeees sae. 50 688 13.7 50 1,107 22.1 


In the count of June 13 it was found that the plats were more or 
less uniform, ranging from 10.4 to 17.9 squares per plant. At this 
time check 1 averaged 17.9 squares per plant while check 2 averaged 
13.7. Very different resuits were secured on August 11, when the de- 
terminate growth factor had become operative and check 1, which 
averaged above check 2 at the June 13 examination, averaged only 7.3 
squares per plant, while check 2 averaged 22.1. In other words, the 
plants m check 1 had practically matured as far as their square 
formation was concerned, and were devoting themselves to ripening 
their crop of fruit. However, although check 1 averaged only 7.3 
squares, plat 1 fell far lower still, averaging 3.3 squares per plant. 
Going to the other side of the experimental area, it is found that plat 
6 averaged 17.9 squares per plant in comparison with 22.1 squares 
per plant in check 2. This shows the difference due to the once-a- 
week shakings. Owing to the soil variation it is difficult to compare 
the middle plats with either of the checks, but considering these 
outside records, which are strictly comparable, it seems obvious that 
the shaking operation greatly reduced the number of squares per 
plant, and on the whole the figures seem to warrant the conclusion 
that this reduction of square formation was more or less directly pro- 
portionate to the number of shakings which the plants received. 


SPACING OF PLANTS. 


Tn order to determine if the shaking operation had had any definite 
effect on the stand remaining, the total number of plants in each plat 
was counted on July 14. The figures secured are given in Table 13. 
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TABLE 13.—Average spacing on July 14—600 feet of rows in each plat, Eureka plantation, 
Tallulah, La., 1916. 


Number 


Plat Number. of plants | Average 
in plat. | SPacing- 
Inches. 

Wes asics 25 Bee See ae ee sia aia see ein bs oS Sie wns w oo eee eae ins ose see emenee 349 20.6 
7 BIER Se a ae eee ae a ee ee te I ee Sh a ce el ae eee 336 21.4 
Be ie i SLE RNS sce Cie oe re RR En a sinc SECO A. We eee ee ee a ee 342 21.0 
BRIS iS acne atee ee = Se eels 2 oe goes Sms We cE See Te se enn ae os sees eee 363 19.8 
LS ie meted, A Seep) IRE Ad Sema LR 2 Me eel | 332 21.6 
Beet ee a ee a ae See ose ak aE Ss tee ee ce 2 ses sce 17.0 
C0 YS) eit Bea eae ep et ee a Oe aR SS 5 5 SS ee ee 398 18.0 
Check:2 24. 32a 20. seas oh gate. ERE acl ede onsen See 16.8 


From Table 13 it is seen that the checks averaged the closest spaced 
of all, while the average spacing increased somewhat as the number of 
shakings increased. This, of course, is undoubtedly due to the plants 
actually killed by the shaking operations and further illustrates the 
injurious effect of the bags. 


SEED-COTTON PRODUCTION. 


Owing to the small size of the plats and the soil variations existing, 
it was not to be expected that there would be much significance in 
the seed-cotton production of each, but the figures were secured for 
whatever value they might possess. Table 14 shows the comparison 
of the different pickings by plats while the row results are shown 
in Table 15. 


TABLE 14.—Seed-cotton production; comparison of different pickings by plats, Eureka 
plantation, Tallulah, La., 1916. 


Seed-cotton production. 


Plat Number. First Second | Third 
picking, | picking, picking. 
Aug.17. | Sept. 8. ov. 21. 


Cheek'ts5 228 be es es SES eres ae eos 478 7 42 
121 Ce pee Eee tate + Gane nel ee BOE Oe on oe CaS aodobbacoes 189 247 

DIAG ee ee eee See Se Sa a als oS aoe Stee celta cietee aioe 96 439 145 
IPS G3 ee eee a eae hee ee gets Sa Re A ROL: SR Sete see 285 650 194 
4 EAE RC Yh i oe Se ee ee nie Se ee oa oo AbaSGcUcdeConEDboe 126 511 108 
Plat Sarg. ces hee eee ee ee ok ee ee cea 166 586 216 
PIBUG LE Pe OEE es FT a aa ae ies Aa Se ae ee ee 132 834 217 
Check 2s oe so sccie let eae eee Sabie stn aco oe eae EE ee ee ee eee oe 74 697 391 


“ 
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TaBLE 15.—Seed-cotton production by rows and plats, Eureka plantation, Tallulah, La., 


1916. 
Seed-cotton production. 
Plat No. Row No.| first | Second | Third | Total | Total 
picking, | picking, picking, by y 
Aug. 17. | Sept. 8. ov. 21. | rows. plats. 
t 
Ounces. | Ounces. | Ounces. | Ounces. | Ounces. 
1 68 He 13 159 
2 55 13 143 
He sce oe bon ece Sos E SD Soe SCG UES ESE BEE OS 3 Boner’ 86 16 85 490 
4 33 58 12 103 | 
5 20 112 30 162 
2 6 15 111 36 162 630 
Peete ces AT the pr es a 25 99 44 168 sat 
8 36 117 35 188 
9 71 is) oe 281 
10 104 44 5 298 
Bisco 35 360068409050 SE 008 Oa LODE OGa Denar 11 23 188 56 267 1, 129 
i 12 87 158 38 283 
13 16 195 33 244 
Beets. 14 37 158 26 221 oe 
eS ORG SB BOO IODC OO TA I aaa lined 15 29 68 13 110 u 
16 44 90 36 170 
17 42 77 28 147 
18 42 115 32 189 
eRe a ietetete overa sietsloiaicicicisieisielsiefalelcisieiciemra’e a cyciele 19 44 179 63 226 968 
20 38 215 93 346 
21 32 222 67 321 
22 28 182 51 261 
eee istetetelelereleteletclotieisteteistelaietaisiaisicvetateietetete tei iei= 93 34 204 49 997 1, 183 
24 38 226 50 314 
1 130 ies 7 231 
. 2 106 33 14 253 
WHECKIN OM eaccieaicisiccice cewececicinicecenciect - 3 129 101 7 237 966 
4 122 109 14 245 
1 20 206 65 291 
: 2 18 151 95 264 
WHECKIN OOM. Gieielelsinicisie e's sat aciciciacio + stelac sce 3 19 164 112 295 1, 162 
4 17 176 119 312 


A number of rather interesting pomts are brought out by these 
figures. It is seen that the picked plats generally increased in pro-_ 
duction from west to east—that is, with the decrease in pickings. 
Of course the increase in soil fertility is in the same direction, but it 
is far from sufficient to account for the differences between the plats. 
One break in this gradation is the comparatively low records of 
plats 4 and 5. This was due to the poor cotton in rows 15, 16, 17, 
and 18, which has already been méationed. From Table 15 it is 
seen that these four rows yielded about the same as the other four 
rows of these two plats at the first picking, but at the second and 
third pickings there was a great loss in these four rows of poor cotton. 

Another interesting feature of the production records is the late 
maturity of check 2. In this plat the vegetative growth was not 
restrained as in the shaken plats, and as a result the exceedingly wet 
weather of July produced a very rank plant which shaded the bolls 
so completely that they did not open. From Table 14 it is seen that 
this plat yielded.far the lowest of all at the first picking, and it was 
not until the leaves were killed by the frost that a good portion of the 
crop in this plat finally opened. In fact, a considerable proportion 
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of the bolls in check 2 never opened, as they rotted while covered 
with the dense foliar growth. Thus it is seen that the detrimental 
effect of the shaking on the fruiting of plat 6 was offset by the reduced 
vegetative growth (due to this same shaking), allowing a greater 
proportion of the bolls to open safely, and thus actually yielding 
more cotton than check 2, although check 2 set more bolls than plat 6. 
However, in a normal season this rank growth and the accompanying 
boll rot would not be encountered, and consequently scemewhat 
different results would undoubtedly be secured. 

In order to avoid repetition the summary of this series of studies 
is included in the general discussion at the end of the present report. 


PLAT TESTS OF THE VALUE OF THE BAG-AND-HOOP AS A MEANS OF 
WEEVIL CONTROL UNDER FIELD CONDITIONS. 


During the season of 1916 two series of tests were conducted to 
determine the value of the bag-and-hoop as a means of weevil con- 
trol on the plantation. One of these tests was conducted on Hecla 
plantation at Mound, La., and consisted of a study of five pickings 
at weekly intervals on Express cotton. The principal idea of this 
test was to secure data on this variety of cotton, as all of the earlier 
work had been with the Simpkins variety and no records had been 
secured on the result of using the bag-and-hoop on a long-staple 
cotton. It was expected that there would be some difference in 
results between the long and short staple cottons, especially in the 
number of forms collected during the pickings. The long-staple 
cottons generally tend to retain the infested forms longer than do the 
short varieties, and, consequently, it seemed probable that a different 
proportion of the infested forms would be gathered while shaking the 
staple cotton. 

The second test was conducted on Eureka plantation and con- 
sisted of a study of varying numbers of pickings at different time 
intervals on Simpkins cotton. This test is referred to as Eureka 
test No. 1 in order to distinguish it from the studies just described. 


EXPERIMENT ON HECLA PLANTATION. 


For conducting this test on Hecla plantation a small cut of cotton 
some 4 acres in extent was selected. This cut was comparatively 
new land, which had been in corn for several years and immediately 
adjoined heavy timber. The cotton immediately adjoining the woods 
consisted of a number of irregular short rows, and these were omitted 
from the plat, the first row of the plat proper being the third row, 
which extended completely through the cut. However, in order to 
protect the picked plat from an influx of weevils, these short rows 
of cotton between this plat and the timber were picked over every 
time the plat was picked, and in the same manner the ends of the 
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rows extending beyond the plat lines of the picked plat were shaken 
each time for further protection. A buffer system was also instituted 
between the two plats to reduce as far as possible the influence that 
either plat might have on the other. This system consisted of drop- 
ping four rows from each plat immediately adjoming the dividing 
line when considering the plat production. As treated throughout 
the season the plats consisted of 22 rows each, or an area of 1.44 
acres. With the four-row buffer dropped from each plat, however, 
the plats proper each consisted of 18 rows with an area of 1.18 acres. 

The soil was of a rather heavy ‘‘buckshot” type. The drainage 
was fair over most of the plats, but alow area which extended across 
the center of both plats was rather poorly drained. The outer two 
rows of the check plat immediately adjoining the roadside ditch were 
also lower than the remainder of the plat, especially at the eastern 
end. In an ordinary season this difference in drainage would have 
made little difference in the plats, but the summer of 1916 was so 
exceedingly wet that the slightest difference in drainage was greatly 
accentuated. As a result a narrow strip across the middle of the 
picked plat and a wider strip through the check, as well as a con- 
siderable area in the southeast corner of the check plat, suffered 
from an excess of water. This tended to throw the plats “ off 
balance,’ as a much greater area in the check was injured than in 
the picked plat. This fact of course should be borne in mind in 
considering the results secured. 


PICKINGS. 


The idea of this test was to start the pickings as soon as the weevils 
became sufficiently abundant to make the operation worth while. 
In order to determine this time, regular examinations were made at 
different points throughout the plats, beginning with May 8. On 
this date 2,100 plants were examined, and no weevils were found. 
On May 138, one thousand plants yielded eight weevils, but on the 19th 
the same number yielded four weevils. On May 24, twelve weevils 
were found on 1,000 plants. These records were made in belts 
extending along the plats parallel to the timber line. After this 
time, however, separate records were secured for the two plats. 
The observations were made at both ends and the middle of each 
plat. In the examination of June 1 it was found that plat 1 averaged 
one weevil to 55 plants, while plat 2 averaged one weevil to 33 
plants. On June 5 both plats averaged one weevil to 75 plants. 
From these observations it is seen that a fairly heavy infestation 
was being developed rather gradually in this field, and it was not 
until the middle of June that a considerable increase in the number 
of weevils was noted. Consequently, the plat was first picked over 
on June 16, at which time 129 weevils per acre were collected. This 
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was a rather large number and is apparently due to a sudden emer- 
gence of a great number of weevils at about this time. This plat 
was picked five times in all on the following dates, June 16, 22, 29, 
July 10 and 17. This made the pickings extend over a total period 
of 32 days, the average time interval being eight days. 

At the time of the first picking the stage of plant development 
was determined by a series of square counts and plant-height measure- 
ments distributed over the two plats. From these it was found that 
there was an average of 3.1 squares per plant and the average height 
of the plants was 11.4 inches at this time. 

The time required to make the various pickings is shown in 
Table 16. 


TaBLE 16.—Labor involved in weevil picking; Hecla plantation experiment, Mound, 


La., 1916 
Per plat. Per acre: 

Date. Area. Cost of Cost of 

Hours, | labor at | Hours, | labor at 

labor. | 7} cents | labor. | 73 cents 

per hour. per hour. 

Acres 

TUNE G sore hee eee ca oeeee tee eeaaceeestOetaere 1.44 7.5 $0. 56 5.2 $0.39 
FUME 22 ays eo Selosrersta en cesiogs «eae aicel ocreicte wieim cites emer 1.44 4.5 34 3.1 24 
PUL C 320 Wee ee eet Nee eee ce en a oee nye ocean esas 1.44 8.0 . 60 5.6 42 
Tab yO voce meee pereietaes Seas oe eee oe et nie Finely eee 1.44 7.0 -53 4.9 -30 
TUE eee ee cee e cen eee encase cements 1.44 9.0 .68 6.2 47 
Ova are sors eee oer oe die ene a atcials ROS K Sis ACO ERE eee 36.0 2.71 25.0 1.89 
Sar) 21. eee ECE Set ASAE SSO CEE Cre MERC AT ESTA cas cognae| bcaocodeco DaemEeaoets 5.0 .38 


Both men and women were used for this purpose, and as the work 
was about equally divided between the two the value of the labor 
is figured at the rate of 74 cents an hour, which represents a fair 
average. From this table it is seen that an average of five hours per 
acre was required for each picking. Figuring on the basis of a 10-hour 
day this would mean 2 acres per day per hand on the average. This 
is a slightly higher average than has been secured from most of the 
figures on area covered per hand per day and is probably due to the 
fact that with the number of hands used and the small size of the 
plats only a few hours were required for the picking. It is quite 
probable that the laborers would not have maintained this same rate 
of speed if they had been working all day. The cost figures show 
an average of 38 cents per acre per picking, or a total of $1.89 per 
acre for the five pickings. 

In connection with these same labor observations, a comparison 
was made of the relative efficiency of different individuals. Three 
men were selected, two of whom were fast workers and the third 
a very slow hand. Separate records were kept of these individuals 
while the fast hands were covering eight rows each and the slow 
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man picked six. It was found that while the fast men took much 
less time for a row than the slow one, they averaged 8.1 and 10.9 
weevils to the row, whereas the slow one averaged only 4. Thus it is 
seen that the efficiency of the individual largely determines not only 
the speed of the operation, but also its thoroughness. This same 
observation has been made a number of times and it was found that 
the individuals varied even more widely than the figures just given 
would indicate. 

The weevils collected at the various pickings are shown in Table 17. 


TaBLeE 17.—Weevils collected with bag-and-hoop, Hecla plantation experiment, Mound, 


La., 1916. 
Number : 

Picking. Date. | weevils Miceudls 

collected. | P 5 
SEES Gee eaten saa eb elelare bteiesin tere o.-4 5 sla eatejatelnee ee ee areas June 16 185 129 
SCC O11 Cae eee a aite aiSin cde tetas mise nislntc 01 aa iw tare Graben eo eee oe eieeeeiae alee June 22 178 124 
AN TUIRG coe GGOG SHES HOS BOO Se eS tra aR RR Eten ey a aa June 29 160 111 
LAO WIND aor det Bos GUO RO Tae SOI eT TIE Ete ne ent ae tiers er 0 Seat ie July 10 159 110 
BESTT Nepean ea sie a esis cycle infer cisie pe mnlelstorere wc oie «sia Sinica aC Nei eerere ence eleteie July 17 163 113 
NOTE | SSH SBS S Soi Se RES Ce EE SIE CEST EEO SE cs cs Cee cet AT ies PMR 847 587 


From this it is seen that the pickings ranged from 110 to 129 
weevils per acre, with a total of 587 weevils per acre for the five 
pickings. It is interesting to note that the highest number was col- 
lected at the first picking. The range, however, was comparatively 
small. 

The forms collected in the bag-and-hoop are shown in Table 18. 


TaBLeE 18.—Forms collected per acre with bag-and-hoop, Hecla plantation experiment, 
* Mound, La., 1916. 


Forms collected per acre. 


Date. Clean. Pune- 


tured. 
Total. | Clean. | {U0¢ 


Per cent. | Per cent. 
5.8 94, 2 


RMT Oem teraeiee te tysatal eh ale yal atsynstatm ese iereia(ete wfalelatele'nre/aje miatele 285 17 268 

JIU) Ceres SCO ONE Es GEER ASE ARcte ens eae mms ae eae 346 45 301 13.1 86.9 

UUD® 22). cold OS kad etos COU BE EE EOE RATE ROn Gent ea aEE a eieEs 414 59 355 14.3 85. 7 

SIGUA: Oo oS Gee PEAS CASES Sees ct tes har) ear re esa Ra 894 355 539 39.8 60. 2 

AGIAY Digs So Bg eet aa Aen et CSU A eM aes ease se nme ene 506 139 367 27.6 72. 4 
YING Sas ek ee rh gee 2,445 615 CSO oeboces~allseoadaosaa 

aVielpintedianverace ren mes sus see yh EE Sach he eee id 2h Val eke ena Se Se eh oe Dee 2082) 74.8 


At the first three pickings only squares were secured, but at the 
fourth and fifth both squares and bolls were collected. <A total of 
2,445 forms were collected at the five pickings, of which 1,830 were 
punctured and 615 were clean. Thus it is seen that practically one- 
fourth of the forms collected in the bag-and-hoop were clean. While 
making these collections it was noted also that a considerable number 
of terminal buds were broken off and gathered in the sacks. 


b 
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In order to see if these injured forms. collected in the bags were 
reducing the number reaching the ground to any extent, one collec- 
tion of fallen forms was made in both plats on July 14. For this 
purpose a strip 20 feet long and three rows wide was laid off in the 
middle and each end of each plat, and all fallen forms were gathered 
from these strips. As the rows averaged four and a half feet in width, 
the total area examined in each plat was 820 square feet. The strips 
were selected so that no skips in stand were included, and the cotton 
as nearly as possible represented the average growth of that portion 
of the plat. As the preceding bag-and-hoop collection had been made 
on July 10, this fallen form collection was four days after a picking. 
The results secured are shown in Table 19. 


TaBLE 19.—Fallen forms collected in Hecla plantation experiment, Mound, La., July 


14, 191 
Forms gathered. 
Plat. 
Squares. | Bolls. Total. 
Check: -52) Sh .cscdodssdecsabeectncese en stteee see eee Ree Ree ees tenes 447 23 470 
IPICKEG 2. Ls ~ soon cis ee cs sie s ae ose ciens SS wisloizinwe ominaaeGin ee pine maialamc ssclal= 234 21 255, 


From Table 19 it is seen that while the boll collection differed very 
little, there were 213 more squares collected from the check than from 
the picked plat. If these figures are taken as a criterion, they show 
that the bag-and-hoop pickings reduced the forms reaching the ground 
by 47 per cent. This is a considerably greater reduction than has been 
found in most of the tests with the 7-day interval, but this difference 
may well be due to the varietal differences in the cotton. As has 
already been mentioned, this test was conducted with a long-staple 
variety which tended to retain a considerable proportion of the in- 
fested squares. Even the squares which were going to fall were 
probably sufficiently attached to the plant to remain somewhat 
longer than would be the case on a short-staple variety, and conse- 
quently their chance of being collected in the bags was increased. 

One important question in connection with this type of plat work 
concerns the influence of one plat upon another and also the influ- 
ence of any near-by untreated cotton on the treated plat. This 
point, of course, is of primary importance in determining just how 
nearly such plat tests represent the conditions which would prevail 
if an entire field was treated in the same manner as the plat in ques- 
tion. In an effort to secure some information on this poimt the 
records of the bag-and-hoop collections of weevils and forms were 
made by rows as well as by plats. The rows in the picked plat 
were numbered from 1 to 22, beginning with the row adjoming the 
check, and the record for each row was kept separate throughout the 
five pickings. 
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TasLE 20.—Row records of weevils collected with bag-and-hoop, Hecla plantation experi- 
ment, Mound, La., 1916. 


Weevils collected. 


Average 
Row No. Rene ae per row of 
June 16. | June 22. | June 29. | July 10. | July 17. total. | in b-row | Outside 


and inside 
blocks.! blocks. 


e 


43.3 43.3 
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1 Outside blocks each consist of 6 rows. 


The weevil collection records are shown in Table 20. Owing to 
the variations produced by the individual efficiency of the pickers, it 
does not seem advisable to compare the various rows at a single 
picking, but this factor should be more or less averaged out in the 
five pickings, and to reduce this error further the rows have been 
averaged together in blocks. It will be noted that the first average 
of this type divides the plat into four blocks, the outside blocks 
consisting of six rows each and the two inside blocks consisting of 
five rows each. From this grouping it is seen that rows 1 to 6 
averaged 43.3 weevils per row, while rows 7 to 11 averaged 42; 
rows 12 to 16 averaged 36 and rows 17 to 22 averaged 32.5. Thus 
it is seen that there is a more or less regular decrease in the infesta- 
tion of the picked plat as the distance from the check plat is increased. 
However, the highest record for any single row was row 10, which 
was very nearly in the center of the plat. These figures would seem 
to indicate that picking cotton beyond the ends of the picked plat 
and to the north of it prevented the plat from receiving an infestation 
of weevils from those sides. It is also seen that there was apparently 
some migration of weevils from the check plat into the south side of 
the picked plat. However, this was not of grave importance and is 
probably largely counteracted by the later omission of rows 1 to 4 as 
buffers. 
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Tasie 21.—Row records of infested squares collected with bag-and-hoop, Hecla plantation 
experiment, Mound, La., 1916. 


Iniested squares collected. 


Average 
Row No. eA: Averees per row of 
June 16. | June 22. | June 29. | July 10. | July 17. : r outside 
total. | in 5row Paneer 
plocks.1 22d imside 
blocks. 
22 23 19 47 71 182 
8 14 19 33 40 1i4 
13 28 6 5 43 95 
39 29 36 7 29 196 | 144.0 144.0 
13 12 23 36 38 , £22 
18 11 28 64 33 154 
19 19 27 31 18 i14 
28 26 15 48 30 147 | 
13 8 28 19 14 82 127.0 
25 33 24 48 24 154 
44 28 35 26 4 137 | 118.8 
8 18 14 28 23 91 — 
24 23 22 44 1 124 | 
15 18 29 29 18 109 | 110.6 
10 23 21 26 16 96 
24 23 51 26 9 133 | 
9 18 19 il 20 77 | 
9 oe 11 30 13 ae 
18 2 20 22 14 6 | 
14 16 19 44 2 95 ({< oo Se 
9 20 30 7 vi 
12 12 15 23 5 67 


1 Outside blocks each consist of 6 rows. 


Table 21 shows the row collections of the infested squares in the 
same manner. An analysis of this table by blocks shows the square 
collections to correlate very well with the weevil collections, the 
number of infested squares decreasing with the increase in distance 
from the check plat. In this connection it is interesting to note 
that the highest record was in row 4, while the second highest was in 
row 1, so it is seen that the most highly infested rows were included 
in the 4-row buffer which was dropped. 

Considering these row records on the whole it is seen that the only 
outside influence affecting the infestation of the picked plat was 
apparently the migration of the weevils from the check plat. This 
was sufficient In extent to increase slightly the infestation of the 
side immediately adjoming the check and would undoubtedly have 
some influence on the results secured. However, this migration 
appears to have been comparatively unimportant, and consequently 
its only effect on the results would be in the degree. That is, it 
would not offset any beneficial effect from the bag-and-hoop collec- 
tions, but probably would lessen the gain somewhat. 


INFESTATION. 


The infestation of these various plats was followed throughout 
the season in the usual manner. As has been mentioned, the weevil 
abundance was determined from May 8 to June 5 by plant examina- 
tions, the figures secured expressing the ratio of the weevils to the 
plants. After June 5, however, the squares became sufficiently 


—a 


CONTROL OF BOLL WEEVIL IN MISSISSIPPI DELTA, 25 


abundant to allow square-infestation records. This type of record 
was begun on June 15 and continued at weekly intervals until 
August 9. At the first three examinations 100 squares were examined 
in each corner and the center of each plat, making a total of 500 
squares to the plat. Beginning with July 4, however, the records 
were made in the center of each end and the middle of each plat, 
200 squares being examined at each point, making a total of 600 
squares to the plat. 
Table 22 shows the figures secured at these examinations. 


TABLE 22.—Weevil infestation, Hecla plantation experiment, Mound, La., 1916. 


* 
Infestation. 


&, Date of examination. 
Picked Check 
plat. plat. 


Per cent. | Per cent. 
65. 6 49. 0 


HUMES BD). 6 ais otic BUR BOO NEL BAA ie el ES Ea dl Ine ne ee Be 43.8 47.8 
SIIRLTY CS 2 pre eee Scie fey te om Aid Bhat als) Sa Ra MRR Sai Me ce LU De 8 LG 34.0 38. 6 
uli Covel a ALOE SS mn ee en Oe em ey MAL TOM n aU Dee Se Pal ier at et 39.0 25.5 
SUB TOL oo eh tate, MSE IN EN 2a ESI eh eo mT OL nee RR eRe ON Oe 9 8 Te a a PA Cf 24.7 
COU Te iil § ees AS Re ee Gi a ee aie 12 Wh i ea a ean a Lt) 47.0 50. 2 
VEIT BR. desi eke AE AT LAT naa TALS SO OVA AON ERI RR RES 48.2 53.2 
ANTRS Thea i Boe SAGE GEG SSS Me D ER SIRS AE CREE ae RPM Ere RE en Git i Sloe, | 3 i ees a EE EB ie a 71.0 67.8 
LNBs Qe 66 SAO E SE GES EI ees Sea ce aR EN A pee eae tae 87.8 89. 8 

aVieloitedtaveracesy je mete a. SUR 50) Se ee ae epee eee Gls TUNE LIL 2 51.5 49.9 


From Table 22 it is seen that there was no significant regularity 
in the comparative infestation of the two plats. In fact, in the 
weighted average for the season there was a difference of only 1.6 per 
cent in the infestation of the two plats. These infestation records 
failed to show any effect: whatever from the pickings, as there was no 
apparent reduction in the infestation of the picked plat at any time. 

Averages of the infestation records at each of the points of observa- 
tion throughout the season give the following: 


Picked plat: Per cent. 
THY SSLB ea a ly sy seme a Mi Na ea Rn ay WA NO A Dea tinge nye ae ea 54. 4 
CSTR T ES Se A MUNA lace IRA OR 0) Uh VN EN RC OMe A Et CR 47.4 
TEENS Te Gu bes Se a ee 212 NL ARO Ss. Ae Uruk ca a che a iat OO er 52.1 

Check plat: 

NY SISA HNC 2 IR OR Et) APN a eC 49. 4 
Wembersee sap Mame We Lees Ok: 102) VS eae mea ies A CLA NON abe aS 50. 8 
JE YSEE 1a gh AM Mie a eR MR LAN a a saa Mio At NS eI FR A 49.2 


From these averages it is seen that the infestation was very evenly 
distributed over the two plats, as the extreme range was only from 
47.4 per cent to 54.4 per cent. It is interesting to note that both of 
these extremes were located in the picked plat. The averages at the 
points where the infestation was determined are further evidence of 
the failure of the picking operation to reduce the weevil infestation 
in the picked plat. 
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EFFECT ON PLANTS. 


After the first few shakings it was noticed that this operation was 
having a decided effect on the growth of the plants. The shaken 
plants were becoming much shorter than the check plants and were 
more bushy and compact in growth. This became so pronounced 
that on August 1 the height of 200 plants in each end and the center 
of each plat was measured. These 600 plants in the picked plat 
averaged 48.6 inches in height, while those in the check plat averaged 
58.6 inches in height. Thus the plants in the check plat averaged 
10.3 inches higher than those in the picked. 


BOLL COUNTS. 


In order to secure some index to the fruit being set in these two 
plats, 100 plants were examined in each end of each plat on July 17 
and the bolls counted. At this time it was found that the picked 
plat averaged 3.9 bolls to the plant, while the check plat averaged 5.4 
bolls to the plant. These observations were checked very carefully 
by a thorough examination of both plats, and it seemed obvious that 
the check plat, generally speaking, was fruiting better than the picked 
plat. However, the factor of drainage had become operative at this 
time, and it was seen that portions of the check plat were injured 
seriously by the drowning of the plants in poorly drained areas. 


PRODUCTION. 


The seed cotton matured in these plats was picked on October 30. 
The amounts secured are shown in Table 23. 


TABLE 23.—Seed-cotton production in Hecla plantation test, Mound, La., 1916. 


Seed-cotton pro- 
duction. 


Plat and treatment. Area. 


Per plat. | Per acre. 


Acres. | Pounds. | Pounds. 
591 


ei CkKke diedicptenjasieeele a ee iejatsietaepe eile isin AeWAS tse son eoDdddsdaupeaseos 1.18 501 
2s Check Bob ase beboascbabroaspeebonduepancsceresopoconc.s aL Gcasesseaseeoae 1,18 541 458 


From Table 23 it is seen that the picked plat exceeded the check in 
production by 43 pounds of seed cotton per acre. This was a gain of 
9 per cent over the check. At first glance this result seems rather 
surprising in view of the result of the boll counts and other observa- 
tions made on the relative fruiting of the two plats, which showed the, 
check plat to be leading the picked plat by a considerable margin. In 
fact, the boll count. showed the check plat to have a 38 per cent margin 
over the picked plat. Of course, such boll counts are not absolutely 
accurate, but they usuallv prove fairly representative. However, 
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other factors than the weevil picking itself were operating to influence 
the production of these two plats. The factor of drainage has been 
mentioned as seriously injuring a portion of the check plat. In fact, 
this injury probably was sufficient practically to account for the 
results secured. In addition to this, the factor of boll rot must be 
considered. The exceedingly wet weather of July caused an exces- 
sively rank plant growth on all highly nitrogenous land, such as that 
on which these plats were located, and this resulted in the rotting of 
many of the lower bolls which could not be reached by the sunlight. 
Tt has been shown that, while the shaking operations were reducing 
the fruiting of the plants, they also tended to prevent a rank plant 
development. As a result, there was little or no boll rot in the 
picked plat, while the check was injured seriously by this factor. 
Consequently it is seen that, while the shaking operation actually 
reduced the fruit set in the picked plat, the reduction in foliar devel- 
opment served to offset this by preventing boll rot. é 

Taking these two factors of boll rot and poor drainage of the check 
plat ito consideration, it is possible to understand why the check 
matured less cotton than the picked plat in spite of the fact that it 
actually set more bolls per plant on the poorly dramed portions of 
the plat. To check the production record a bur count was made in 
both plats by examining 500 plants in each on October 31. At this 
time it was found that the check plat averaged 7.4 burs per plant, 
while the picked plat averaged 8.7 per plant. Thus it is seen that 
the bur count corresponded fairly well with the production record of 
the two plats. This tends to place further emphasis on the probable 
accuracy of the boll count. 

At any rate, regardless of the explanation of the weights secured, 
the fact remains that the difference in favor of the picked plat was 
so small as to constitute an economic loss, and the utter absence of 
evidence of a reduction of-the infestation of the picked plat due to 
the pickings makes this test decidedly unfavorable to weevil picking 
as a means of control. 


EUREKA PLANTATION EXPERIMENT NO. 1. 


The more extensive Kureka test was located in a cut of cotton 
extending along Walnut Bayou. The series consisted of five plats, 
each plat extending at right angles to the bayou. The soil on which 
these plats were located was a rather light sandy loam on the bayou 
front, grading off heavier toward the back of the cut. As practically 
all soil gradation in this cut was from north to south, and as it was 
fairly uniform from east to west, the plats should have been reason- 
ably comparable as regards the soil, since each extended through — 
the extreme variation. To safeguard further against soil variations 
two check plats were selected, one on the east side of the series and 
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the other on the west. In most cases in the following report the 
average of the records made on these two check plats is given 
instead of the individual records of the two, as this average should 
compare best with the conditions existing between the two checks. 
Three treated plats were arranged between these two check plats. 
The first of these, plat 2, was picked once a week for six weeks; plat. 
3 was picked twice a week for six pickings, while plat 4 was picked 
once a week for four weeks. 

As considered during the period of treatment, each plat was 22 
rows in width and 3880 feet long. This made the area of each plat. 
exactly 1 acre. However, it was recognized that there would 
probably be some interplat effect at the dividing lines, so a buffer 
system was arranged between each two plats at the time of picking 
in order to absorb as much as possible of this interplat effect. This 
system consisted of omitting four rows on each side of each dividing 
line. As the checks adjoined plats on only one side, this resulted 
in four rows being dropped from each check, while eight rows were 
dropped from each picked plat. Thus the checks finally considered 
consisted of 0.82 of an acre each, while the picked plats each con- 
sisted of 0.64 of an acre. However, all figures given in the present 
report, with the exception of those of production, are based on plats 
of 1 acre each, and, of course, the production was reduced to an 
acreage basis. In order to protect the plats further from outside 
influence a buffer system across the ends of the picked plats was 
maintained throughout the picking period. For this purpose the 
pickings were extended about 30 feet beyond the plat limes at each 
end each time a plat was picked, 

This cut was planted in corn and peas during 1915, and a very 
heavy growth was turned under. This resulted in the land being in 
excellent condition with the exception of a rather spotted infestation 
of nut-grass extending along the back of the cut. However, the 
back end of the plats was moved forward sufficiently to avoid this 
grassy area almost entirely. The drainage throughout all plats was 
very good, and there was no apparent water injury at any time, in 
spite of the excessive rains during July. The cotton was the Simpkins 
Ideal variety, which had been planted on April 5. A very good 
stand was secured over all the plats. 


PICKINGS. 


As in the case of the Hecla experiment, the idea was to begin the 
pickings as soon as the weevils became sufficiently abundant to make 
the operation worth while. Plant-infestation studies were made in 
the same manner as those already described for Hecla plantation. 
On May 10, 1,000 plants were examined and no weevils found; on 
May 17 three weevils were found on 1,000 plants, whileon May 23 one 
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weevil was found, and on May 30, two weevils were found to 1,000 
plants. On June 6 the plant examinations were separated by plats 
and 50 plants were examined in each end and the center of each plat, 
making a total of 150 plants to the plat. At this time only two weevils 
were found, one in plat 1 and one in plat 3. From these figures it is 
seen that the emergence of weevils into these plats was exceedingly 
light and late. However, by about June 12 a rather heavy general 
emergence of weevils was taking place over the parish, and it was 
considered advisable to begin picking these plats, in spite of the fact 
that only a small number of weevils had been found in this cut. 
Consequently, the first picking of all of the plats was made on June 
13. At this time plat 2 yielded 10 weevils to the acre, plat 3 yielded 
13, and plat 4 yielded 6. This is quite different from the first pick- 
ing made three days later on Hecla plantation, when 129 weevils per 
acre were collected, and shows the light initial infestation of this series 
of plats. 

In order to determine the exact stage of the cotton plants at the 
time of this first picking the squares were counted on 20 plants at 
10 different points in the series of plats. These 200 plants averaged 
7.5 squares per plant. A similar study of the plant heights showed 
them to averagé 13.1 inches at this time. 

The labor involved in these pickings is shown in Table 24, figured 
on the same basis as in the Hecla test. 


TaBLe 24.—Labor required for picking weevils, Hureka plantation, Tallulah, La., 1916, 
experiment No. 1. 


: Cost of 
abor per 
Plat No. Picking. Date. | Labor | acre, at 
per acre. 7 cents 
per hour. 
Hours. 
RITE. ili a ae mee CURES June 13 6.4 $0. 48 
SOCOM Gy AS En June 20 5.5 41 
DA a hae hemes SA CN RE oe June 27 6.0 ~45 
Fourth Ree ee eee ee July 5 9.0 - 68 
Bo no ba EOC OR SEGUE DERE G Asa CR AE SHERa eae mas ifthe a aie vie July 11 15.0 tals 
Sixth: 22 ek eeeR eet ee lt | July 22 10.0 Bifi) 
MAO es St el ten cist Bayete FR eo pe 51.9 3.90 
AV CT AR GE yaem aeee oe eetlllsan ceaeeee 8.6 . 65 
Birst ye eee ees hey it June 13 6.4 - 48 
Secondly. Sues eee er ae June 17 4.5 34 
Thirdi sya iu ee ee Gs June 20 5.5 41 
Fourth); 3 Soa een June 23 6.5 49 
Bodo GeBddCOS CEC DE EER OE BUCLEE Ha anna ae ses aOR MRR a Cues Sa one ee June 27 6.0 45 
Sixth 4. 22 eee Py June 30 8.0 - 60 
Totals revel aebe an i 36.9 BUC 
Average ppaiies ite (ia) i Nie 6.1 - 46 
BPirst/ S$. ees ee eae er June 13 6.4 .48 
Second): Sis eee een June 20 RS 41 
Third... Se eee aes tr June 27 6.0 45 
eR en teh alc Seis ah aR afsia'e ois « s'e(eni= lucie Pourth cee Ny ees us July 5 9.0 68 
TIN Oy Geni aya set pales Ue TERN det 2 26.9 2. 02 
AVET ARON A SM ee Te eR eee 6.7 Soil! 


en 
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From this it is seen that the cost per acre ranged from 46 to 65 
cents for picking in the different plats. Of course, the average per 
picking increases as the season progresses, and consequently the 
greater number of pickings cost more per picking. The hours of labor 
per acre ranged from 6.1 to 8.6. From the total cost figures it is seen 
that the four pickings at an interval of one week cost $2.02, while 6 
pickings at the same time interval cost $3.90. The six pickings given 
twice a week cost $2.77. These records show a uniformly higher cost 
for the pickings on Eureka than on Hecla, and, judging from the gen- 
eral observations which have been made, it is probable that the 
Kureka figures more nearly represent average conditions. 

The weevils collected from these plats at the various pickings are 
shown in Table 25. 


TaBLeE 25.—Weevils collected per acre with bag-and-hoop, Eureka plantation, Tallulah, 
La., 1916, experiment No. 1. 


Number 
Plat No. Pieking. Date. | of weevils 
collected. 
June 13 10 
June 20 11 
June 27 25 
July 5 63 
July 11 | 82 
July 22 470 
Sheen 661 
June 13 13 
June 17 11 
June 20 6 
June 23 13 
June 27 27 
June 30 20 
=a ae 90 
June 13 : 6 
June 20 9 
June 27 27 

uly 5 4 
1 Bite Sree 85 


From Table 25 it is seen that if the sixth picking in plat 2 is ex- 
cluded, the highest number of weevils collected per acre at any picking 
was 82. However, there was a tremendous increase at the sixth pick- 
ing of plat 2, and 470 weevils per acre were collected at this time. This 
increase was due to the effect of climatic conditions on the multiplica- 
tion of the weevils. As has been mentioned, the month of July was 
exceedingly rainy, the plats being subjected to a shower almost every 
day inthe month. This, of course, produced a great reduction in the 
climatic control of the weevils in the fallen forms and, as a result, 
although the initial infestation of these plats was very light, the July- 
bred weevils multiplied so rapidly that this was quickly changed to an 
excessively heavy infestation. Considering the totals collected from 
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the various plats, it is seen that only 85 weevils were secured from 
plat 4, while 90 were picked from plat 3. The high number secured 
at the sixth picking brought the total for plat 2 up to 661. 

The forms collected in the bags from the different plats at ue 
various pickings are shown in Table 26. 


TaBiE 26.—Forms collected per acre with bag-and-hcop, Eureka plantation, Tallulah, 
La., 1916, experiment No. 1. 


Forms collected. 


Plat No. Date. Clean. iE oe 
Punc- mre 
Total. Clean. aaccde 
Per cent. | Per cent. 
STG OY) I a 123 48 75 39.0 61.0 
June 20....... 116 43 73 37.1 62.9 
June 27..... 338 159 179 | 47.0 53.0 
dalby Boosoece 472 271 201 | 57.4 42.6 
INE ae Dariecaicin die cisaietee cas Apoihy il nee eee 1,309 990 319 75.6 24.4 
WUliypQ Dee eee a pee eee 2,196 419 1,777 19.1 80.9 
Wotan sess seve 4, 554 1, 930 2562402 A8aaoaged lec 
57.6 
69.4 
56.4 
66.1 
49.4 
54.5 
ileal 
Lota sas sae 928 400 B28 cies s 2foil eeroe ele 
Wieighted'averdge 2. 529. | Acer ae ease Sc ee case 43.1 56.9 
Pi DSOVS EYE Sil eeeeae eRe ae ate a 76 28 48 36.8 63.2 
JUIMORZ Oates shee es 98 25 73 25.5 74.5 
Sumer Te ee ie eee 223 99 124 44.4 55.6 
Gerais rete a eieistniseie ajc as eecee dit hie Gee oacue sade beeoree 330 224 106 67.9 32.1 
UNO Ce eansenease 727 376 Bi) arctan Gonae aanine 
Weighted javerages< ii! s|Rssasaa alesse. | sen cece 51.7 48.3 


One interesting feature of the figures shown in Table 26 is the ex- 
tremely rapid increase in the number of forms collected at the later 
pickings. For example, in plat 2, 2,196 forms were collected at the 
sixth picking, while a total of only 2,358 were collected at the other 
five pickings from this plat. Another important feature is the high 
percentage of clean forms collected in the bags. This varied from 
42.4 to 51.7 in the different plats and averaged 45.7 over the entire 
series. From this it is seen that almost one-half of the total forms 
collected in the bag-and-hoop during this series of tests were per- 
fectly clean. In addition to this destruction of clean squares the 
same loss of terminal buds which was noted in the other tests was 
observed in this experiment. 

It is interesting to compare the form collections of plat 2 with those 
made on the Hecla test about the same time. This comparison is 
shown in Table 27. 
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TasBLe 27.—Comparison of Hecla and Eureka, Madison Parish, La., tests in forms 
collected in bags. 


Forms collected 
per acre. 


In the Hecla test it is seen that during a total of five pickings ex- 
tending from June 16 to July 17, 2,445 forms per acre were collected, 
while on plat 2 of the Eureka test the five pickings extending from 
June 13 to July 11 yielded a total of 2,358 forms per acre. Thus 
through this period the total forms collected in the two tests were 
approximately the same. However, a study of the individual pick- 
ings shows these totals to have been reached by quite different 
records. ‘There was a comparatively slight increase on the Hecla 
test from the first to the fourth picking, and then the fifth picking 
decreased somewhat. In the Eureka test the first four pickings 
yielded less than the same number of the Hecla test, but the fifth 
picking increased several hundred per cent. Two factors undoubt- 
edly influenced this difference of results in the two tests. These 
were the degree of weevil infestation and the cotton variety. The 
higher initial infestation of the Hecla test resulted in a greater num- 
ber of squares being collected on that plat in the early pickings, 
but the comparative lack of prolificacy and the determinate fruiting 
of this long-staple variety of cotton was becoming effective by the 
picking of July 17, and consequently there was an actual reduction 
in the number of forms collected. On the other hand, the light 
initial infestation of the Eureka test resulted in low records at the 
first few pickings, but the rapid increase in this infestation and the 
enormous abundance of squares caused the later pickings to yield 
large numbers. 

Unfortunately no collections of fallen forms were made in the 
Eureka plats, so it is impossible to compare the two tests on this 
point. 
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TaBLE 28.—Row records of weevil collection in bags, Eureka plantation, Tallulah, La., 
1916, test No. 1. 


Weevils collected in bags. 


Plat. Row Row 
June 13\June17|June20|\June23\June27|June30| July 5 uly 11|July 22} Row | aver- 
total. | age in 
blocks 
1 5 19 25 
3 39 
4 5 15 97 |f Slt 
By a anene 23 29 
9 6 20 37 
2 6 36 45 
4 3 14 23 
2 3 25 31 
2 ; 29 38 
1 0 35 
9 9| 30| 53\¢ 339 
2 7 10 21 
3 5 25 35 
Ua 7 26 37 
3 3 12 21 
1 3 9 14 
5 2 i 2B 
Luce ea ieee te 2 2 
eee a7) 31\f 22-5 
Nears ty 13 15 
4 2 17 27 


3.1 


: 


— 


WNWNNWEOROR BREE NEE OWNWHWEH HEE REND POORR PE WN OTR 


— 


2.1 


= 


3.6 


3.6 


6 
Blaise Ge eh i 4.5 
8) |lasocpedloenocae a 
8) lecossosloocosae 7 
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TasLe 29.—Row records of square collection in bags, Eureka plantation, Tallulah, La., 
1916, test No. 1. 


Squares collected in bags. 


Plat. Row. 
June | June | June | June 
ie}. Ze 20. 23. 
1 Ded lee aa i nines 
2 2ii| hope e OS lnsce cee 
3 Dileaeccse De ecenee 
4 Shesceces 77 a 
5 Ou aeteaae Os electors 
6 One ree LS Re ee 
7 AS Wee Usui Alpes re ee 
8 Dale eh rate Si avenareee 
9 (oho eet 3a) | aera, 
10 lls Caos Py orbit 73 
11 Gu eek aaa yo (epee ee 
ences seers eens 12 Dlieaa ie due 
13 On| Reeesoe Gulpereaae 
14 Dalia errs: pal Oe eres 
15 Silt. sate 2 eee 
16 Dips Se Dil ees eae 
17 1 a ie eae Soe eae 
18 Shoes digi open 3 
QS Resales oeae 2 dea 
20 Sioa PAA a at 
21 Sere Qui aaa 
22 Ay) | eta De 
1 1 5 4 2 
2 6 4 10 4 
OM eee ?} 3 1 
4 il asl 1 5 
I eee ye ear 1 
6 ik 5 ca eee te 
7 2 3 8 3} 
8 3 5 3 4 
9 3 6 Ta Betas 
10 6 10 10 4 
11 7 9 5 2 
Be ee poe apie alotanate 12 16 5 4s. home 
Sree sees 1 4 1 
14 7 Seas he 1 
15 6 4 1 1 
GRE ekooas 3 2 7 
17 4 1 Di lee syRere 
18 5 4 1 1 
19 4 BO eons ea eee 
20 1 2 4 2 
21 2iphe escale 3 2 
22) scene 3 Sillepiosnee 
il Del esses iiasceie te 
2 aD erect Gj leeeeaee 
3 AEs ccare DF) | en arcer 
fF (Be | Or ee qlee eee 
5 Slams ce Jhon sss 
6 
7 
8 
9 
10 
11 
Ai Sic Bee ane 12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


June 
27. 


— 


| _ 
NOE NWOMNDNOIWNORNOOMUOWEWON PON wW 


July | July 
5. abt 


5 12 
ul 25 
17 15 
10 10 
13 19 
12 16 
12 30 
7 13 
16 24 
8 15 
5 5 
13 15 
5 13 
11 12 
8 12 
9 9 
5 7 
17 7 
5 2 
5 1 
2 3 
9 6 


Jul 
22 


Row 
total. 


78.8 


19.5 


12.8 


15.1 
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Row records of the weevil and square collections were made in this 
test in the same manner as that already described for the Hecla 
experiment. These are tabulated in Tables 28 and 29. The row 
totals are averaged by blocks in much the same manner as in the 
Hecla test. Of course, in this case unpicked cotton adjoined only two 
of the blocks. ‘These were the outside blocks of plats 2 and 4. From 
Table 28 it is seen that the outside block of plat 4 averaged slightly 
higher in weevils collected than the remainder of the plat, but that 
the outside block of plat 2 averaged less than the middle block of the 
same plat. From Table 29 it is seen that the square collections 
presented exactly reversed conditions. From these square collections 
it would seem that the outside block of plat 2 was more highly 
infested than the inside, while the rows 1 to 6 of plat 4 yielded a 
higher average than any of the remainder of the plat. These results 
are rather contradictory, but at any rate they seem to indicate that 
if the unpicked cotton had any effect on the picked plats it was com- 
paratively sight and should have been largely eliminated by the 
buffer system employed. 


WEEVIL INFESTATION. 


The infestation of the various plats of this series was followed 
throughout the season in the same manner as in the Hecla test. The 
general rule for determining this record was an examination of 100 
squares in each end and the middle of each plat. The records 
secured are shown in Table 30. 


TABLE 30.— Weevil infestation, Eureka plantation, Tallulah, La., 1916, Test No. 1. 


Infestation. 
eS eas Plats 

Date of examination. Tands: 

Plat 2. Plat 3. Plat 4. | average 

of both 

checks. 

Per cent. | Per cent. | Per cent. | Per cent. 

dD 1D. o ogea Sse CE ete eae NG DOE aE EEE e See anGECo ooo 7.3 10.7 6.7 8. 
UUH® Woo coSRRRE Ss SSR ee AI ee eee cer ean eR nn, 2 2 SiG) 5 6} 13.3 8.0 11.2 
JOM Ws. nbc SIS aR eee eaROB Gee Cee a ea ee Cre aackobed 36 8.7 (63) 7.0 10.7 
PUIG Be 6506 g6 ce eae Aiea Ae ect eesti me ene OL ree te U, 9.2 7 4.3 9.0 
UG WOE 5 SNS SS NE te ae ee Oe eine eee Ee Sc 12.3 12.7 9.8 12.2 
CUS? DNF os eis SS liga a asec cy 42.2 35. 0 40.7 44.8 
Aa Dok oi SS TRE IRR SS SS Ue eee eee ee 81.8 46.5 57.8 67.7 
ANTS) Th os) SAE ee Aaa sis a eae RRs Re SPT tw 76.3 78. 2 81.7 81.8 
AYU CORES eee pipe en ANU ie ee a Ee aod ae 91.Q 92.8 80.5 85. 2 
AUG, Meccan sabe eee ete es i Sales ei ne aE er os 96. 2 96.3 97.0 96. 2 
Wiverdinted avieracoen2 ta .cni wee econ een) Wane apa 50. 6 46.1 46.2 49.7 


From these figures it is seen that starting with a practically equal 
infestation these three treated plats and the two checks varied back 
and forth somewhat, but never showed any significant regularity in 
the difference between the various individual plats. In fact, the 
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range in the seasonal averages of the five plats was only 4.5 per cent 
and the seasonal average infestation of the three picked plats was 
47.6 per cent while that of the two checks was 47.9 per cent. 


EFFECT ON PLANTS. 


The same effect of the picking operation on the plants was observed 
in this test as in all other bag-and-hoop experiments. It was 
observed that the shakings were reducing the size of the plants and 
were causing the typical bushy growth. One thousand plants were 
measured in each of the plats to determine the average height on 
July 19, 200 plants being examined at five different points in each plat. 
The results secured are shown in Table 31. 


TABLE 31.—Average height of plants on July 11, Eureka plantation, Tallulah, La., 
1916, Test No. 1. 


NI Treat- Average 
Plat No. | ment. height. 
Inches. 

Pp as re Rashes See ae See eis ae SoS Re ae ee een Bon cak oe Check. .... 42.7 
Dee ar A a ee Ore SB HE eS SE So Oe bad ok SEeo ee Bee Shaken... 35.4 
BEE Cee BERS Cae iE UCC E SOSH an SS aMenEHS Arete ee ae cick ¢ Gace Se Od Se aE EEsEal fod do. . 2 37.9 
CESS SEH CRO CEOS CORE DOr OO DOOR OCOR CURBS ROEIeROCSRcanod oc echcc See Sa CRBS BARES |= -do- 2 37.5 
3 40.6 


From this it is seen that the two checks averaged 40.6 and 42.7 
inches in height, while the next highest plat was 3, which averaged 
37.9 inches; plat 4 was practically the same height, averaging 37.5 
inches, while plat 2 showed the greatest effect of all, averaging 35.4 
inches. These differences had been more pronounced earlier in the 
season, but, following the cessation of shaking, the picked plats had 
recovered a portion of the lost height by a rapid terminal growth. 

The difference in height between plats 1 and 2 is illustrated photo- 
graphically in figure 2 of plate 2, which shows the dividing line between 
these two plats. 

From these figures showing the effect of the shaking of the plants it 
is seen that plat 2 was the most seriously injured of the series, while 
plats 3 and 4 were affected practically the same. This would seem 
to indicate that it is the duration of the pickings rather than the 
number which determined the effect on the plants. For example, 
plats 2 and 3 received the same number of shakings, but the interval 
was twice as long in plat 2 as in plat 3, so they extended much later 
into the season and the result was that in the fall plat 2 showed a 
much greater injury. Plat 3 received two more pickings than plat 4 
but the time intervals differed so that the pickings extended over 
about the same period in the two plats and the resultant effect on 
the plants was much the same. 
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SEED-COTTON PRODUCTION. 


The cotton produced on these plats was gathered in three pickings, 
August 24, September 14, and November 21. The amount secured 
is shown in Table 32. 


TABLE 32.—Seed-cotton production, Eureka plantation, Tallulah, La., 1916, test No. 1. 


Seed cotton produced per acre. 
Plat. SSS 
Aug. 24. | Sept. 14. | Nov. 21.| Total. 


Pounds. | Pounds. | Pounds. | Pounds. 
286 478 123 887 


Boe gosdooseSce te SCUBA nS CHO e eee en arene Meer seis ciole 172 458 175 805 
AP Re Peete eee tea lode st at cle obre nle de cen ciltae he dae eee 167 562 212 941 
Averageroialvand! O:Arha:aa2 222 lees sot e te et See pee 297 449 119 865 


From Table 32 it is seen that the total range of the plats was from 
805 to 941 pounds of seed cotton per acre, or a range of 136 pounds 
of seed cotton per acre. In this series the checks ranked about 
midway between the extremes. Plat 4 ranked highest of all, while 
plat 3 ranked lowest. In view of these rankings and the results of 
the various studies conducted on these plats during the season it 
seems impossible to attach any significance to the differences of the 
yields of the various plats. The total range constituted only 18 per 
cent of the production of the lowest plat and the plat giving the 
highest yield logically should have shown less benefit than at least 
one other plat, if the picking operations had been effective. In fact, 
one of the check plats yielded 849, while the other yielded 881, show- 
ing a difference of 832 pounds between the checks themselves. Con- 
sequently, it seems probable that the yield differences were of no 
significance whatever. At any rate, they fail to show any important 
beneficial effect from the picking operation. The boll-rot factor 
which was discussed in connection with the Hecla test was likewise 
operative in this test, as the checks produced an enormously rank 
growth, but the reduction in fruiting due to the shaking operation 
balanced this, so that the yield from the checks was practically equal 
to that from the picked plats. 


STUDIES ON THE VALUE OF A MECHANICAL COLLECTOR OF BOLL 
WEEVILS. 


Among the many methods of weevil control advocated and adver- 
tised by various individuals throughout the cotton belt are several 
mechanical collectors of the weevils. These machines vary widely 
in form and manner of construction, but most of them are similar 
in the principle involved. Usually they consist of some type of pan 
arrangement passing along beneath the plants while at the same time 
the plants are agitated more or less violently, the idea being to shake 


- 
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the weevils into the pan. A number of different types of these ma- 
chines have been examined by the writers, and several of the most 
promising were tested at Tallulah during the season of 1915. The 
one of these which gave the best results during that season was 
selected for more intensive studies during 1916. These studies were 
of two types, (1) plat tests of the machine under field conditions, 
and (2) comparative efficiency studies to determine the relative 
weevil-collecting ability of this machine when compared with the 
bag-and-hoop. 
PLAT TEST. 

The plat test was arranged in somewhat the same manner as the 
Hecla test which has been described. The experimental principles 
involved were much the same, and the same methods of arranging 
the plats and buffers were followed. A very uniform strip of light 
sandy soil was selected, and the plant growth over the entire experi- 
mental area was rather unusually uniform. The light soil was 
selected in order to secure plants of comparatively small size, since 
the machine had shown a tendency to break larger plants rather 
severely. Two plats were arranged, each 20 rows wide and 746 feet 
in length. One of these was picked with the machine, while the 
other was left unpicked as a check. 


PICKINGS. 


The first picking was made on these plats on July 1. Originally 
it was intended to start this picking somewhat earlier, but delay in 
securing the machine postponed it until this date. However, as has 
been mentioned, cotton of small size was secured, and the light and 
late weevil emergence into this cut was such that only a slight infes- 
tation was present on the Ist of July. Consequently, the condi- 
tions more or less approximated those which would usually prevail 
about two weeks earlier in a more severely infested cut of richer 
soil. 

Table 33 shows the detailed results of the various pickings con- 
ducted. 


TaBLe 33.—Pickings with mechanical collector, Tallulah, La., 1916. 


Bolls collected. Squares collected. Time required. 
; Weevils 
Date. collected. 7 

Clean. | Infested.| Clean. | Infested.| Hour. | Minutes. 
Uy ales anc oe ete ate eae AON okie) oe ee eee ee 103 112 ly ees ceces 
Tubby lle eee ea a ee 156 15 115 364 665 2s. | eee 
AUB SDA = See i Bes See marae 450 7 362 21 1, 700 i boese ese 
July Slepsc esse a Delt 7hleel. eee DDG ilERES- EO: - 2,281 10 
IAS oe mtais aisles cin gee eee ee d V5) We ae bee Sti/olliiaeseckese PVRS enone SSe 45 
Avag 2154352 sche sh. severest des 2 28445) | esa SUE li eeaateie she As BES CRE ISe ee 45 
UNG FGA7) Tepe artis Ss ae ep o abc PAV lige se oS 2 C1 (s| Pie Le ae PABA Ese Scoot = 45 
AUG) 27. on deh pax as NEE Waste 150642 |\<5- Aeh,3-3 PS SESS LE ee AEOVOUE 2 ete 45 
MP etalk: eho ped eR ae 8, 608 22 2, 274 488 Lh 475 |Rke. ssa eS Seers 
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From this it is seen that a total of eight pickings was distributed 
over the period from July 1 to August 27. The weevils per picking 
ranged from 40 to 2,445, and a total of 8,608 were collected during 
the experimental period. As the plat consisted of 1.53 acres, the 
weevils collected per acre thus ranged from 26 to 1,600 at the different 
pickings, with a total per acre of 5,626. During this same time 
2,274 infested bolls and 11,475 infested squares were collected in the 
pans with the weevils. During the first three pickings a record was 
kept of the number of uninjured forms knocked off by the machine, 
and this was found to total 22 bolls and 488 squares. After that time 
the forms collected were so highly infested that they were considered 
as all injured. The time required for covering the plat ranged from 
45 minutes to 1 hour and 10 minutes. This would make the average 
time in the neighborhood of 40 minutes to the acre. However, this 
did not include the time spent in emptying the pans. Studies on 
the operation of this machine over larger areas have shown that it 
may be expected to cover an average of 10 ey 12 acres per day when 
operated on a plantation basis. 


. BROKEN PLANTS. 


The greatest difficulty which was found in the operation of this 
machine was the breakage of plants. It was found that if the 
machine was adjusted so that the plants were not broken it failed to 
catch an appreciable number of weevils, while if it was adjusted so 
that it collected a considerable number of weevils the plant breakage 
was very high. Consequently, in adjusting the machine, an attempt 
was made to strike a happy medium between these two extremes. 
_ Following each picking, the plat was gone over and the number of 
_ broken plants counted. It was found that the number per picking 
ranged from 37 plants to 704 plants. The number decreased rapidly 
as the season progressed, owing to the fact that nearly all of the 
larger plants had already been broken down. During the course of 
the eight pickings a total of 1,827 plants were broken in the plat. 


FALLEN FORM COLLECTIONS. 


In order to determine whether or not the forms collected in the 
picking machine decreased the number reaching the ground to 
any appreciable extent two collections of fallen forms were made. 
For this purpose an area 3 rows wide and 20 feet long was selected 
at each end and the middle of each plat. This made a total of about 
750 square feet for each plat. Care was taken to locate these points 
where the stand was as nearly perfect as possible and where the plant 
erowth represented about the average of that portion of the plat. 
The results of these collections are shown in Table 34. 
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TaBLe 34.—Fallen form collections in machine-picked test, Tallulah, La., 1916. 


Picked plat. Check plat. 
Date. 
Squares. | Bolls. aula Squares. | Bolls. paca 
Tully Qi seco ece ten ie eet cine wee 1,385 516 1,901 1,371 805 2,176 
Augab gee: bon Bees Bina igen edad 1, 436 372 1, 808 2, 581 984 3, 565 
Totals Sse: fe. emt creed eas wee et 3 2, 821 888 3, 709 3, 952 1,789 5, 741 


From this table it is seen that on both occasions considerably more 
forms were gathered from the ground in the check plat than in the 
picked plat. In the two pickings a total of 3,709 fallen forms were | 
gathered from the picked plat and 5,741 from the check, thus giving 
a reduction of 2,032 in favor of the picked plat. 


INFESTATION. 


The degree of weevil infestation in the two plats was followed 
through the season in the usual manner in order to determine the 
effect of the picking operations. Table 35 gives the results of these 
observations. 


TABLE 35.—Square infestation, Tallulah, La., 1916. 


Dare: Picked Check 


plat. plat. 
Per cent. | Per cent. 

Tuy Mere ee LEAS SA SO CE SN aS See EERE ee state Uinta whe Sere £8) 14, 
TAY ae etc see sepa lee ae get oa Ces Bac oa ee rel orca) ha Mots 21.4 17. 
July 13202 ee SR BADE aA E EG CeLd REISE EAS Ra PEE Dies) See 47.7 38.0 
WOU y 2 oy ean ae es os oe la ace Ss cs BS ya ane CE eS ee eee esi inin ciate 60.3 57.2 
Tul y QTY hale Se Se ec a ee ee eee 2 ti Se ee 66.8 75.0 

UTR SALES 5 SR ISLE Be Ace AE SSE eee pyer nS ERR ER ois Ab NeS yo RUSSO CUS OO Beno Sac 85.3 85.3 
WAI G18: Sasa Se eee od So SEs pees SE a eek SSS SPL 88.8 90.3 


From this it is seen that at the begmning of the experiment the 
two plats averaged exactly thesameinfestation. At the next exam- 
ination, however, the picked plat increased slightly above the check 
plat and retained this position until July 27. The seasonal average 
of the check plat was 53.9 per cent, while that of the picked plat was 
54.9 per cent. Thus these records fail to show any decrease in the 
infestation due to the weevil collections. In fact, the averages are 
remarkably nearly equal. Studies on the seasonal average infestation 
of the various points of observation show this infestation to have 
been evenly distributed in the various plats. 


EFFECT ON PLANTS. 


The plant breakage due to the operation of the machine has been 
mentioned. By the latter part of the season it was quite obvious 
that this was going to have a very detrimental effect on the picked 
plat. The picked cotton looked as if it had been topped, and it was 
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easy to distinguish the last picked row at a glance, as this row was a 
foot or more shorter in height than the adjoining unpicked row. 


PRODUCTION. 


The seed cotton produced in these two plats was picked on August 
24 and October 26. The amounts secured are shown in Table 36. 


TABLE 36.—Seed-cotton production, mechanical picker test, Tallulah, La., 1916. 


Seed cotton per 
acre. 
Date picked. 
Check | Picked 
plat. plat. 
Pounds. | Pounds. 
ANOS BENS Sials SG G BO BS SCENE Se EES CTE ore a ee ec EF 0 STR a AR cURL 216 182 
OCs Bik sobd 36 Bods SAREE BCAA Aad MECN Rey ea Maus tombe i REL a epee nena De 190 109 
UNGUEIS HO AUBABE StS SORA N eso eA ae ere lH Gin ce ec Me aA ey Ree ee 406 291 


From this it is seen that the check yielded considerably more than 
the picked plat each time and in the total of the two pickings there 
was a loss of 115 pounds of seed cotton per acre in the picked plat. 
This amounts to a loss of 28 per cent below check and shows quite 
well the injurious effect of the picking operations with this machine. 


COMPARATIVE EFFICIENCY STUDIES. 


As a further check on the efficiency of the machine it was tested 
im comparison with the bag-and-hoop simply on the basis of efficiency 
in operation. 

The first test was conducted on July 13. A uniform strip of cotton 
14 rows wide and 645 feet in length was selected. The method 
followed was to pick two of these rows with the mechanical picker, 
then two with the bag-and-hoop, then two with the mechanical 
picker and so on until eight rows had been picked with the mechanical 
picker and six with the bag-and-hoop. Records were kept of the 
number of weevils and forms collected by each of these methods, 
and the time required was likewise noted. This test was repeated 
in an identical manner on the same cotton August 3. The results 
of these two tests are shown in Table 37. 


TABLE 37.—Comparative efficiency tests, mechanical pickers, Tallulah, La., 1916. 


Mechanical picker (per row). Bag-and-hoop (per row). 
E 5 Bolls. i Is. 
Date. Wee- Squares olls ie Me Wee- Squares Bolls fuk 
vils Fie ne aie 
Punc- Punc- quired Punc- Punc- quired 
looted. Carel Clean. Cinedel| Clean! eeieak tured, | Clean. Aiea Clean. 

Min. Min. 
July 13..5...... 2.6 9.6 5.9 1.0} 0.25 2 9.9} 37.0} 15.3] 16.0 3.8 20 
J NOT eee ea 48.4 | 163.1 |......- WANT Bene 3 77.5 | 280.6 |......- ZOAOM Eerecter 20 
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From Table 37 it is seen that at the first test the mechanical picker 
averaged 2.6 weevils per row while the bag-and-hoop averaged 9.9. 
At the second test the averages were 48.4 and 77.5, respectively. 
This shows definitely that the mechanical picker does not even 
approach the bag-and-hoop in the number of weevils collected from 
any given area and, since the bag-and-hoop certainly does not collect 
all present, the mechanical picker must leave a very high percentage. 
The observations on the infested forms collected likewise show the 
bag-and-hoop to be very much superior to the mechanical picker. 
It is only in the time required that the mechanical picker shows an 
advantage over the bag-and-hoop. ‘These figures show the bag-and- 
hoop to require about 20 minutes per row, while the mechanical 
picker required only from two to three minutes per row. 

One interesting observation was made on the comparative efficiency 
of different individuals when using the bag-and-hoop. While con- 
ducting the test on July 13, it was noted that one of the negroes 
operating the bag-and-hoop was very fast, while the other one was 
very slow. Consequently, separate records were kept for these two 
women. It was found that the faster woman took just one-half the 
time to the row that the slower one did, and thefaster woman averaged 
14 weevils per row while the slower one averaged 4. This is an excel- 
lent example of the variation in the efficiency of the individual 
pickers. 


GENERAL CONSIDERATIONS AND SUMMARY. 


The studies described in the preceding pages, together with those 
of the season of 1915, seem to warrant some conclusions on the 
subjects dealt with and a general consideration of their relation 
to the planter. 

Two points stand out preeminently in the results of the studies of 
1916. These are (1) the complete failure of the picking operations to 
exert any appreciable beneficial effect on the weevil infestation, and (2) 
the injurious effect of the use of the bag-and-hoop upon the plants 
themselves. All points considered in connection with these studies, 
such as the degree of weevil infestation, plant fruitage, and actual 
yield, have shown consistently that the bag-and-hoop treatments 
were not reducing the weevil infestation within the treated plats to 
any extent. The control exerted by the collections of the weevils 
seems to have been completely overcome by the number of weeyils 
escaping capture. In this connection it is interesting to compare 
the results of 1915 with those of 1916. It will be recalled that studies 
on the collection of fallen forms conducted in the face of the light 
weevil infestation prevailing during 1915 resulted in a definite 
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weevil-control reaction, though this control was by no means com- 
plete. In 1916, however, with a rapid multiplication of weevils and 
a heavy infestation, no evidence of control was secured from the 
weevil collection. The question of the relation of the degree of 
infestation to the effect secured from practicing these control meas- 
ures has been raised frequently, and apparently it has a very definite 
bearing on the difference in the results secured during the two years. 
It might appear that if a certain amount of benefit is to be derived 
from the control measures during a year of light infestation, this 
benefit will be increased proportionately in a year of heavy infestation. . 
The results secured do not support this idea, however, and it seems 
to the writers that a year of light infestation, such as prevailed during 
1915, presents the optimum conditions for securing the maximum 
degree of control from the picking operation. It must be conceded 
that the most thorough picking operation will not secure all the 
weevils present; say, for the sake of discussion, that 75 per cent are 
secured. If 100 weevils per acre are present in the field at the time 
of the picking (as would be the case during a light infestation), 25 
would be left, and this number would be below that required to 
produce serious injury to the crop. On the other hand, assuming 
that there were 1,000 weevils per acre in the field and 75 per cent of 
these were collected, 250 would still remain, which would be sufficient 
to produce great injury to the crop, if not the maximum injury. It 
must be recognized that the degree of weevil injury in the field is not 
always directly proportionate to the number of weevils present; that 
is, the amount of injury per weevil decreases considerably with the 
increase of the number of weevils per acre, owing to the lessened 
chances of each individual for injury and what might be called the 
‘‘duplication of effort”’ in the repeated puncturing of the same form. 
With the average degree of infestation reached in the Delta during 
midsummer, there is a great excess of weevils for producing the 
maximum injury to the crop, and a considerable number of these can 
be removed from the field without increasing the crop secured to any 
appreciable extent. 

In addition to this consideration, the actual effect of this collection 
of over-wintered weevils in relation to their propagation is of interest. 
Under normal conditions, the percentage of squares punctured during 
the period when the weevil pickings are practiced is comparatively low. 
The normal shedding of forms in upland cotton is so high that the 
squares punctured by these hibernated individuals simply serve to take 
the place of a portion of those which would be shed normally. Con- 
sequently, these over-wintered weevils do not injure the cotton crop 
directly ; their only effect on the crop itself in such a case lies in the 
progeny they produce and the activity of these progeny. Therefore, 
the only beneficial effect secured from collecting these hibernated 
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weevils would be the reduction of their progeny. In practice it is 
found that two factors serve to prevent the complete elimination of 
these progeny. These are the eggs deposited by the weevils before 
capture and the percentage of hibernated individuals actually escaping 
capture. As has been stated, if undisturbed, the weevils in the Delta 
usually will produce more than sufficient progeny to cause a maximum 
crop injury by midsummer. In view of the results of the control ex- 
periments under heavy infestation conditions, it seems that enough 
weevils were missed and sufficient eggs were deposited before collection 
by those actually captured to develop sufficient progeny for a maxi- 
mum infestation of the crop. 

In view of these considerations, it seems to the writers that in a year 
of light. infestation a slight degree of benefit may be secured from the 
picking operations, but that in a year of average or heavy infestation 
this benefit is completely lost. This conclusion is borne out by the 
experiences of various planters which have come under the observa- 
tion of the writers, and is especially discouraging in view of the fact 
that in a year of heavy infestation the control measure is most needed. 

Another point of primary importance in connection with the plan- 
tation use of these control measures is the labor problem. This 
requires a consideration of the labor supply available on the average 
Delta plantation, the labor requirements of the ordinary plantation 
operations, and the labor requirements of the weevil-picking opera-. 
tion. In the first place, it is advisable to consider the organization of 
the labor by which these picking operations are to be conducted. 
These measures are practiced only on a tenant basis, where a 
‘‘family”’ takes care of a certain quantity of land. This land usually 
is divided between cotton and corn, the greater portion being in 
cotton. In addition to the labor involved in caring for this land it 
is necessary for the plantation to levy upon the male members of 
these families for a certain amount of wage labor to be used in the 
care of the oat and hay crops, which are handled only on a wage basis: 


RELATION BETWEEN LABOR SUPPLY AND MALARIA. 


The Bureau of Entomology is conducting an investigation on 
the Hecla plantation, the estate te one of the writers’ tests was 
conducted, on malaria mosquitoes aia their control. In determining 
the exact relation of malaria to crop production, Dr. D. L. Van Dine 
made a detailed analysis of the available and required labor on this 
plantation. In his published account! of this work, Dr. Van Dine 
gives a chart showing the duration of each of the operations involved 
1916, p. 431-439. 


Van Dine, D. L., “The losses torural industries through mosquitoes that convey malaria.’’ In South- 
ern Medical Journal, Vol. VIII, No. 3, p. 184-194. March, 1915. 
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in the production of cotton, corn, and oats and a table showing the 
labor requirements of each operation for each crop. From these the 
writers have prepared figure 1. This diagram shows not only the 
period of each operation for each crop but also, by the block system, 
the labor requirements of each crop. 

In this chart the writers have added a block showing the labor 
requirements for weevil picking in the same manner. This was 
figured on a basis of four pickings with the bag-and-hoop, extending 
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Fig. 1.—Seasonal distribution of field labor in northern Louisiana. Based on 823 acres of cotton, 657 
acres of corn, and 200 acres of oats. (Original.) 


over the period from June 10 to July 8, making the time interval 
between pickings about one week. The total acreage in cotton was 
823 acres. Of course, all of this would not be picked over under 
normal conditions; particularly since the work would be more or 
less concentrated on the more heavily infested portions. Conse- 
quently, it was assumed for the sake of conservatism that only 
two-thirds of this acreage would be treated, or 548 acres. Extensive 
observations.on the time required for the operation of the bag-and- 
hoop have shown that about the best which can be expected is an 
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average of one and one-fourth acres per hand per day. However, 
these calculations were made on a basis of one and one-half acres per 
hand per day. At this rate, each picking of the 548 acres would 
require 365 labor days, making the four pickings require a total of 
1,460 labor days. 
in his paper Dr. Van Dine shows that the labor requirements of 
the ordinary plantation operations (excluding boll-weevil control) on 
this plantation during the month of June were 1,814 days. He also 
showed that the available labor days during this same month were 
1,719. In other words, there was an actual shortage of 95 labor days 
during this month. Considermg that three of the weevil pickings 
would fall during the month of June, a total of 1,095 June labor days 
would be required for conducting this operation, and as there is 
already a deficit of 95 labor days, this would make a total of 1,190 
days of labor shortage during the month of June. Consequently, if 
the weevil control is practiced it must be at the expense of the 
neglect of some of the ordinary plantation operations. In fact, it 
would amount to about two-thirds neglect of these operations. In 
figuring the cost of malaria to the plantation Dr. Van Dine has shown 
that each day of crop neglect produced a loss of $5.11. Since every 
labor day put in at weevil picking would mean a labor-day neglect 
of the other operations, it is seen that, while no direct outlay for 
wages might be involved, the 1,460 days required would really amount 
to an expenditure of $7,300 at the rate of $5 per day loss for neglect. 
While this may be reduced by reducing the number of pickings, 
that would still not relieve the labor crisis which is shown in 
Diagram I, as the amount of labor required for each picking would 
still be the same unless they were conducted at longer time intervals. 
It is interesting to note that this same Hecla plantation attempted 
a thorough and systematic control of the weevils by the bag-and- 
hoop collection of the weevils in 1914, and this resulted in such a 
complete derangement of the ordinary operations without any bene- 
fit with regard to weevil infestation bemg shown, that the attempt 
has never been repeated. Although these figures of available labor 
are based on this plantation only, this plantation certainly is as well 
supplied with labor and as well organized as any in the district in 
which it is located. 

The writers have had the opportunity of examining the original 
data upon which Dr. Van Dine’s figures are based. Table 38 is a 
summary of the figures obtained on Hecla plantation in 1914 on the 
age, sex, and numbers of the 74 tenant families, giving the total num- 
ber available for field work, the theoretical equivalent in man days, 
and the actual man days available for field work. 
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TaBLE 38.—Available labor by sex and age groups on Hecla plantation during 1914. 


Male. Female. 


Age groups...-..------------ Oto7 | 8to12|13to18}] 19up. | Oto7 | 8 to 12 |13to018} 19 up. 


Number individuals present.| 19.0] 14.0 29.0 82.0 24.0] 18.0 26.0 87.0 299. 00 
Reduced to theoretical man- 

Gays laborssteses 22 he a2 ee 4.5 14.5 S2ZRON Raweeisee 2. 25 6.5 43.5 153. 25 
Actual man-days labor..-..-..].-..---- 2.38 7. 68 43.4 |...----- 1.19 3.44 | 23.03 81. 12 


It will be observed from Table 38 that after determining the actual 
individuals of the various sex and age groups present on Hecla plan- 
tation this was reduced to a basis of the theoretical number of man 
days of labor in each of these groups. However, it is quite obvious 
that this theoretical figure does not represent the available labor 
actually present. Certaim factors operate on all plantations to reduce 
this theoretical labor. Again referring to the study made by this 
bureau on the relation of malaria to crop production, the following 
estimate has been made of the reduction in the available labor 
supply: 

In 1914, 138 persons in the tenant families out of a total of 299 
suffered from malaria. Dr. L. O. Howard is the authority for the 
statement that the efficiency of a person suffering from malaria is 
reduced 25 per cent. Not taking account of the cases in children 
under 8 years of age and reducing the ages of those above 8 years to 
an equivalent of adult time, an equivalent of the time of 18.5 adult 
men was lost during the season of 1914 through inefficiency due to 
malaria. 

It is a fact that the negro is incapable of maximum continuous 
effort during an entire day when at work, and aside from illness or 
other demands on his time will not under the tenant system work in 
the field every day when field work is possible. It is necessary to 
figure not a man day but a negro-man day, and this falls far short of 
what may be expected when continuous effort is made during the 
entire day and full advantage taken of working in the field on all days 
when field work is possible. Thirty days can not be counted on in 
every month for field work, since account must be taken of Sundays, 
holidays, and the weather conditions. The error would be as great 
to figure as available all labor not necessarily detained at home. 
Account must be taken of the class of labor upon which dependence 
is placed. It is considered that 25 per cent must be deducted from 
the total adult time available for this reason. Of the labor available 
on Hecla in 1914, this would be equivalent to the time of 38.31 adults. 
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It is estimated that a further reduction of 10 per cent in the avail- 
able labor must be made, to allow for the ‘‘pensioners”’ on the plan- 
tation, for those suffermg from diseases other than malaria, for the 
care of infants and the cooking on the part of the women, and for 
absences from the field on account of funerals and other interruptions. ' 
This is equivalent to the time of 15.32 adults. The actual total adult 
time available, then, is only 81.12 instead of 153.25 adults. In 
Table 38 this available time has been reduced to adult time in the 
various groups arranged by age and sex. 

Based on averages of 50 plantations in northern Louisiana, the 
Office of Farm Management of this department estimates that there 
are 19.1 days in June when field work is possible on a plantation. 
Taking this as a basis the various age groups shown in Table 38 have 
been reduced to available labor for the entire month of June. This 
is shown in Table 39. 


TaB.e 39.—Total man days available of different types of labor on Hecla plantation 
during June, 1914. 


Male. Female. 
a aa a ae Total. 
‘ACOISTOUDS ei-cict - sere geysce oe eee 8to12 | 13to18 | 19 up. 8to12 | 13to18 | 19up. 
Theoretical labor days available. 85. 95 276.95 | 1,566. 2 42.97 124.15 830.85 | 2,927.07 


Actual labor days available. ..-. 45. 45 146. 68 828. 94 22. 72 65. 70 439.87 | 1,549.36 


Taking the figures shown in Table 39, it is possible to determine just 
what classes of labor could be used in this weevil-picking work on the 
basis of three pickings requiring 1,095 labor days durmg June. 
Taking the actual labor days available in the different classes, it is 
seen that there are 22.72 in the group of females from 8 to 12 years of 
age, 65.7 females from 13 to 18, and 439.87 females of 19 or older. 
Consequently, the total man days of labor available of the female 
sex on Hecla plantation during June is 528.29. It is obvious that it 
would be necessary to take some male labor as well for the picking 
operation. There are 45.45 labor days of boys from 8 to 12 years of 
age. Adding this to the female labor makes only 573.74 labor days. 
There are 146.68 labor days of males from 13 to 18. Adding this to 
the preceding total gives 720.42 labor days, which is still 374 days 
short of the number required for the weevil-picking work. In other 
words, if all the female labor and all of the male labor under 19 years 
of age were devoted to weevil picking there would still be a shortage 
of 374 labor days for the picking operation. As the only labor left 
available is the males of 19 years or older, some of these must be 
utilized on the picking work. There are approximately 829 labor 
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days of this group available. Consequently, if we subtract the labor 
required for the picking operation from that available during June 
there are only 455 labor days remaining. However, it was found in 
the malaria investigations that 199 labor days were lost directly 
because of malaria during June, and subtracting this number from 
the 455, the reare only 256 labor days left for conducting all ordinary 
plantation operations during the month of June, and it has been 
shown that these ordinary operations require a total of 1,814 labor 
days. 

Going back to Table 39, it is of interest to calculate just what pro- 
portion of the theoretical labor would be required. If the three 
groups of female labor and the males from 8 to 12 are totaled, it is 
found that 1,093.92 days result. In other words, even on the basis 
of the theoretical labor, which is far from the actual labor available, 
it would require all of the females and all of the males up to 13 years 
of age to conduct the picking operations. 

These observations on labor requirements and available labor seem 
to show definitely the impracticability of the systematic use of the 
bag-and-hoop on the plantation. Since comparative efficiency 
observations have shown that the bag-and-hoop requires only one- 
fourth as long as the hand picking of weevils and collects twice as 
many to the acre, the outlook for hand picking is very discouraging 
to say the least. As the labor available is not sufficient to conduct 
the bag-and-hoop collections, it certainly is not sufficient for the 
hand pickings, which would require four times as much labor. In 
addition, if the proportion of weevils collected with the bag-and-hoop 
is not high enough to benefit materially an average or heavy infesta- 
tion, there seems to be little chance of securing a benefit from hand 
picking one-half this number of weevils. Still another method of 
control is the hand collection of fallen squares. Observations on the 
labor requirements of this have shown that the best which can be 
expected is one acre per day per hand. Thus this operation would 
require one-third more labor than the operation of the bag-and-hoop 
and is eliminated in the same manner. 

The type of labor available for this weevil picking and the type 
required are also of interest. In view of the general labor shortage 
prevailing in the Delta, it is necessary for the women to assume the 
responsibility of all operations possible. This naturally results in 
their use as hoe hands in restraining the grass growth in both cotton 
and corn, particularly cotton. In case of a rain delaying operations 
and causing an excess of grass growth, it falls to their lot to save the 
cotton crop by hoeing, while the men are attempting to catch up 
with the strictly masculine operations. This condition is met at some 
time practically every season in the Delta and shows the importance 
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of the women in the labor complex of ordinary operations. Under 
such conditions (and these are normal conditions in the Delta) the 
only labor left available for weevil and square picking operations 
without taking hands from some other operations is uns of the chil- 
dren who are too small to hoe. 

In this connection it is necessary to consider the type of labor 
required for the control operation. It would seem that the children 
and such women as might happen to be available should be able to 
reduce the weevil infestation somewhat by picking, but this is not 
the case. As a general rule negro children working alone willaccom- 
plish nothing. Their only incentive for effective work lies in the 
continued presence of older people who will force them to work prop- 
erly and continuously. This would of course involve the presence of 
at least a few women with each group of children, and when the 
family is the unit the mother would be forced to neglect the hoeing 
and work with the children. Even this would be practicable under 
some conditions if it were not for the attitude of the women. It is 
generally recognized that negro women are very unsatisfactory 
workers at many plantation operations without the presence of men 
to keep them at work. This is particularly true of the weevil-picking 
operation, as this work is very distasteful to them and they wish to 
slight it. Of course this is due to the fact that the incentive for per- 
forming arduous and distasteful labor is not as great with the women 
as with the men because, generally speaking, the women are not as 
much concerned as the men in securing a successful crop. As a 
result it is generally found that to secure a picking which in any way 
approaches thoroughness it is necessary to have a certain number of 
men with each force of laborers. At any rate, regardless of the 
necessity of the presence of men, a small amount of child labor is in 
reality the only surplus labor available, and this is certainly far from 
sufficient to produce any effect upon the weevil infestation. Any 
addition to this labor only depletes the ranks of those employed in 
the ordinary plantation operations, and must result in some neglect. 

The discovery of the injurious effect of the use of the bag-and-hoop 
on the plant is of great importance. Owing to the seriousness of the 
labor problem concerned in these operations, the first studies of the 
use of the bag-and-hoop looked very encouraging, as it was certainly 
a great advance over hand picking in both speed and efficiency of 
operation. However, the studies of the past season have shown 
definitely that the use of this semimechanical picker can not be 
recommended. 

The studies on the infested forms collected by the bag-and-hoop 
are considerably reduced in practical importance by the discovery 
of the injurious effect of this collector on the plants. However, the 
general tendency of these studies is to emphasize this injurious effect, 
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as from 25 to 50 per cent of the forms which were collected in the 
bags proved to be uninfested. Of course, a certain percentage of 
these were uninjured forms which would shed normally, but a con- 
siderable number undoubtedly were cour forms which were broken 
off by the shaking process. 

The comparison of the two varieties of cotton was not sufficiently 
complete to allow any general-conclusions, but the most important 
point seems to be that the bag-and-hoop collects a higher proportion 
of the infested squares on the long-staple variety than on the short. 

The failure of the mechanical picker to give satisfactory results is 
very discouraging, as such a picker seems the only solution of the 
labor problem involved in the collection of weevils and squares. As 
has been mentioned, the picker tested was the most promising which 
had come under the observation of the writers, but proved to miss a 
sufficient number of weevils practically to prevent any reduction in 
the infestation. In addition, this picker was so injurious to the 
plants that it actually reduced the crop considerably. 

The information secured on the interplat movement of the weevils 
in the various field experiments is of considerable importance in the 
interpretation of the results of such tests. It is seen that in each 
case there was a more or less increased infestation in the picked rows 
immediately adjoining the unpicked cotton. However, this was 
usually shght and extended only a short distance, so it was certainly 
not sufficient to prevent the control measures from producing a 
beneficial effect in the treated plats, if they would do so under field 
conditions. This conclusion is borne out by the fact that identical 
tests where the control measure tested proved effective have shown 
a quite definite control reaction within these comparatively small 
plats. It is probable that the small size of the plats would some- 
what reduce the extent of the gain in production from any beneficial 
treatment owing to the immigration of the weevils from unpicked 
cotton late in the season, but it seems fair to assume that when 
applying these results to field conditions this factor would be at the 
very least counterbalanced by the greater thoroughness of the pick- 
ing operations in these plat tests. It should be remembered that a 
limited number of pickers were used in all of these plat tests and that 
they were under the constant supervision of one or more of the ento- 
mologists. As a result, the operations were conducted far more 
thoroughly than would be possible under field conditions. 
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HE ability to candle accurately is becoming of in- 

creasing importance to all who are engaged in the 
production, transportation, and sale of eggs. Buyers 
are gradually adopting the practice of purchasing eggs 
on a graded basis as an effective means of reducing the 
large losses from bad eggs. For the successful opera- 
tion of such a system a knowledge of candling is indis- 
pensable. Furthermore, only by candling can a ship- 
per make certain that his eggs comply with Federal, 
State, and municipal regulations. 


Eggs are graded for market according to their fresh- 
ness, cleanliness, size, color, and soundness of shell. 
Freshness, an egg’s most important quality, and sound- 
ness of shell can be Judged best by candling in a dark 
room. All that is needed is a bright ight surrounded 
by a shield with a small opening before which the egg 
is held. A kerosene lamp and a piece of stovepipe 
will suffice for the small candler, but for those who 
handle large numbers of eggs more elaborate appa- 
ratus may prove necessary. Two different kinds of 
egg-candling devices are illustrated in this bulletin. 


The candler must be thoroughly familiar with the 
structure of the egg. He must know how to hold an 
ege when candling it. Mostimportant of all, he needs 
io become acquainted with the principal distinguishing 
characteristics of each kind of egg found in commerce 
before he will be able to determine accurately whether 
a given egg should be graded as marketable or unmar- 
ketable. The purpose of this bulletin is to furnish the 
information required. The candler himself will have 
to supply the experience. 


Sometimes an egg is so near the border line that it 
is hard to know whether to class it as good or bad. 
When there is any doubt as to its fitness for food pur- 
poses, the candler should reject the egg as inedible; 
that is, he should give the consumer the benefit of the 
doubt. 
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INTRODUCTION. 


Ability to candle eggs is becoming more and more important to 
farmers, merchants, and shippers in the country districts. 

Laws in many States impose a penalty for selling bad eggs and 
the Federal Food and Drugs Act prohibits the interstate shipment 
of cases containing substantial percentages of bad eggs, which are 
held to be adulterated food. Only by candling can a shipper make 
certain that his eggs comply with Federal, State, and other regula- 
tions. 

Aside from its value in enabling one to comply with legal require- 
ments, ability to judge the condition of eggs in the shell has a distinct 
monetary application and in many sections is simply a matter of 
economic self-protection for the farmer and the country dealer. The 
custom of buying eggs on a grading basis is spreading rapidly, and 
the collectors in the great market centers are becoming much stricter 
in rejecting inedible eggs, just as consumers are becoming more criti- 
cal and are refusing to pay for doubtful eggs delivered to them by 
the retailer. The producer or country shipper who ships uncandled 
eges runs the risk, therefore, of losing freight charges and packing 


costs on all inedible eggs, and where such eggs are included may get 
1 
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a lower grading and a reduced price for the good eggs he has 
shipped. The shipper who does not candle his eggs has no check on 
the candling reports of the consignee and must aceene loss off, 
lowered grading, or other price penalties. 

Knowledge of candling and sorting sufficient to sort eggs by the 
various commercial grades used in the central markets is, of course, 
a valuable asset to the country collector and shipper. Ability to use 
the candle at least with accuracy enough to exclude inedible eggs is 
becoming an accomplishment essential to all who wish to escape legal 
difficulties and to market their produce on anything like a profitable 
basis. The detailed descriptions, diagrams, and colored plates in 
this bulletin, it is believed, will enable producers, dealers, and house- 
wives to distinguish with suflicient accuracy between edible and 
inedible eggs. The authors caution those who are first attempting 
to candle for market to give the benefit of the doubt to the consumer 
and to retain for home use any eggs which appear at all questionable 
before the candle. 


GRADING OF EGGS. 


Eggs are graded for market according to freshness, cleanliness, 
size, color, and soundness of shell. Sorting according to size, color, 
and cleanliness requires only a visual inspection of the egg while it 
is being held in the hand. At the same time eggs clearly showing 
damaged shells may be separated. When the crack is so small that 
it is not easily seen with the naked eye, it can be detected by candling 
or by clicking two or more eggs together. A cracked egg tapped 
lightly against a whole egg gives out a deadened sound, quite differ- 
ent from the clear ring from eggs with unbroken shells. It is com- 
paratively easy to grade eges according to appearance and soundness 
of shell, but it requires knowledge and experience to be able to judge 
the quality of the contents by candling. 


THE EGG CANDLE. 


The only equipment necessary for candling eggs is a device which 
consists of a bright light surrounded by a shield having a small open- 
ing of sufficient size to receive the egg. Farmers who have few eggs 
to market can make a candle by using a kerosene lamp as a source of 
light and a piece of stovepipe about 8 inches long as a shield. The 
hole should be 14 inches in diameter and should he cut in the pipe 
just opposite the flame in the lamp. Notches, or small openings, 
should be cut in the bottom of the pipe opposite the hole, to provide 
air for the lamp. <A candle similar to that just described is shown 
in figure 1. 
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Handlers of large numbers of eggs, such as hucksters, grocers, and 
ege shippers, should have a candle made especially for the work. A 
good candle which can be made by any tinner is illustrated in figure 2. 
Working drawings are given in figure 3. <A strong 
white electric ight should be used in this candle. ill a 

il 
THE STRUCTURE OF THE EGG. 


Before attempting to candle, the beginner should | 
break a good egg into a saucer and become familiar with 
its different parts and their arrangement. By compar- 
ing the egg in the saucer with figure 4, in which the { 
structure of a typical egg is shown, and following the 
description given below, the various parts of the egg | 
can be identified easily. 

The yolk is contained in a membrane of delicate con- 
struction. Jt varies in color from light yellow to me.1—a 
orange, but occasionally is olive green. On the surface *'ev® pie 
of the yolk is a small hght-colored circular area called 
the germinal disk, from which the chick develops. It is present on 
the yolks of all eggs whether fertile or infertile. The yolk always 
floats in the white with the chick spot on top. By this provision of 
nature, the developing 
chick comes nearest the 
body of the hen during 
incubation and on that 
account receives the 
most warmth. 

Around the yolk, as 
indicated in figure 4, 
lies a small quantity of 
thin white; then comes 
a heavy layer of thick 
white; and outside of 
this another layer of 
thin white. Extending 
from the yolk through 
the white toward each 
end of the egg are 
twisted, cordlike coils of an opaque white material called the chalaze. 
These cords may be lhkened to hammock strings in that they serve 
to hold the yolk in position, yet allow it to turn freely. The chicken 
does not come from the chalaze as is often supposed, but from the 
germinal disk. The white has a firm, gelatinous consistency, due 
to a network of interlacing fibers, which are so fine that they can 


| 
I 


Fig. 2.—Method of holding eggs during candling. 
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be seen only by the aid of a microscope. The beating of the egg white 
brings about the incorporation of air into this fine network of fibers. 
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Fic, 3.—Working drawings for a one-hole spout candle. (Reproduced from Bul. 5, 
Missouri State Poultry Experiment Station and U. S. Department of Agriculture, 
Bureau of Chemistry.) 


‘Between the white and the shell are two fibrous membranes. When 
the egg is first laid, the contents fill the entire shell. On cooling, 
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however, the contents shrink and the two membranes separate at the 
large end of the egg, forming an air space less than three-quarters 
of an inch in diameter. The outer or shell membrane follows the 
outline of the shell and is both tougher and thicker than the inner 
or egg membrane, which follows the outline of the egg contents. 

The shell of the egg is porous and varies in color from white to 
dark brown, depending upon the breed of the hen laying it. The 
yolk is composed mainly of fat, protein, and water; the white, of 
protein and water. The yolk sac, shell membrane, and fibers in the 
white are made of keratin, a material similar chemically to finger 
nails or the horns or hoofs of animals. The shell is principally 
carbonate of lime. 
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Fie. 4.—Structure of an egg, 
HOW TO HOLD AN EGG WHEN CANDLING. 


The room in which the candling is done must be dark. The egg 
is held by hand in a slanting position with the large end against 
the opening in the candle. A few moderately rapid twists are given 
to the right and to the left. During this turning, which should be 
enough to expose the entire surface of the egg to view, the size of 
the air cell and the condition of the white and yolk should be noted. 
After this movement the egg should be turned from end to end so 
that the whole of the egg is again seen. If the egg is not completely 
turned before the candle bad eggs, such as those containing mold 
spots or yolks stuck to the shell, may not be detected. In other 
words, one side of an egg may appear good on candling, but the 
other side may be found to be bad if brought into view. 

It is customary to pick up two eggs in each hand, supporting one 
egg at a time in the tips of the thumb and the first two fingers (see 
fig.2). Each egg should be candled separately. After the foremost 
egg in each hand has been candled, it is dropped back into the palm 
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and the other two eggs are brought forward by a dexterous move- 
ment of hand and palm, held before the light, and graded. The 
ability to shift two eggs in each hand makes for more rapid work 
and may be acquired by practicing with china eggs. A good deal of 
experience is required to shift eggs safely and quickly. 

During candling the egg should come in contact with the fingers 
as little as possible, so that small blemishes such as mold spots will 
not be hidden from view. It is advisable not to hold more than two 
eggs in each hand during candling because of the added chance of 
breaking the eggs and confusing the grades. 

Until the beginner has had some experience it will be advisable 
for him frequently to check the decision reached by candling with 
the appearance of the egg when broken into a saucer or other con- 
venient receptacle. 


WHAT TO LOOK FOR IN CANDLING AN EGG. 


The relation of the shell, air space, white, and yolk to grading by 
candling will be discussed separately before taking up the considera- 
tion of the different kinds of eggs. After the beginner has become 
acquainted with the different factors which influence the grading of 
an egg, it is a comparatively simple matter for him to recognize the 
predominating characteristics of each egg and to place the egg in its 
proper grade. 

THE SHELL. 


It is possible to grade eggs by inspection through the shell because 
of the partial transparency of the shell when held before a light in 
a dark room. The egg contents can be seen much more plainly 
through a white shell than through a brown cne. The hght shining 
through a white egg, on candling, is yellow, with a shghtly pinkish 
tinge; that from a brown egg is much pinker; and that from a dark 
brown egg is almost red. In each instance, the color deepens in the 
region of the yolk. The contrast between the white and the yolk 
is much greater in white than in brown eggs. The appearance before 
the candle of a fresh white and a fresh brown egg is shown in 
Plates I and Ti. The beginner should study eggs with white shells 
first and postpone the study of eggs with brown shells until he has 
had some experience. Likewise he should begin with clean eggs, for 
the reason that dirt or stains on the shell may cast a shadow on the 
contents and thus render accurate candling difficult. Candling of 
eggs with mottled, warty, or uneven shells should also be deferred. 

The colored sketches of the different kinds of eges shown in this 
bulletin were made, with few exceptions, from eggs with white shells, 
and were selected to show as much of the interior as possible. The 
descriptions in most instances will apply to white eggs. These facts 
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should be taken into consideration when comparing the illustrations 
and descriptions with the appearance of eggs before the candle. 
Candling will enable one to identify cracked eggs more accurately 
than will clicking. Therefore, when eggs are graded by candling 
to judge the quality of the contents, those with damaged shells can 
be removed at the same time. If there are a few small holes in the 
candle to shed light on the egg container below, dirty eggs can be 
picked out with but one handling of the eggs. Eggs with mold 
growing in the cracks are detected to some extent by candling, but 
much more readily away from the candle. (See Pl. IV, fig. 2.) 


THE AIR SPACE. 


The air space of a fresh egg is less than three-fourths inch in 
diameter, as may be seen by tilting an egg with the large end in 
front of a candle. As the egg ages the air space increases in size, 
owing to the evaporation of water from the liquid contents. The 
amount of evaporation depends very largely upon the age of the egg 
and the temperature at which it has been kept. In winter and spring 
eggs shrink more slowly than in summer. Therefore, the early spring 
eggs on the market will have smaller air spaces than the summer 
eggs. With continued shrinkage the egg membrane pulls away from 
the shell membrane at the air space, so that when the egg is turned 
before the candle the lower wall of the air cell changes at the same 
time. This condition is shown in Plate XI. In grading an egg the 
size of the air space is useful in determining its freshness. For ex- 
ample, a full egg will be graded as a “ first” and a shrunken egg as 
a “second.” Most bad eggs have enlarged air cells. The variations 
in the size of the air space of eggs of different grades are shown in 
Plates I and XII. 

The egg membrane, which forms the lower wall of the air cell, 
may become broken by jars or jolts during the haul to market, or by 
severe shaking in the hand or other rough handling. When this 
membrane is broken the air cell always rises, irrespective of the 
position in which the egg is held, as may be seen from Plate IV, 
figure 1. Small bubbles of air frequently are seen when the egg is 
turned before the candle. When an egg becomes very stale the air 
in the air cell may move all the way around the egg between the 
two membranes. Such an air cell is termed “ movable.” Eggs with 
broken and movable air cells are graded as “seconds,” if otherwise 
good, even though they may show no shrinkage. 


THE WHITE. 


The two factors to be considered when studying the white of an 
egg before the candle are its firmness and its color. A firm, thick 
white is found in a fresh egg, and a weak, thin white in a stale egg, 
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or in one which has been exposed to warm temperatures, as In summer 
or by incubation. The condition of the white is indicated on candling 
by the ease with which the yolk moves when the egg is rotated. For 
example, in a fresh egg the white is so firm that the yolk sways 
but little during candling, whereas in an egg with a weak white the 
yolk moves much more rapidly. A further indication of a thin white 
is seen on candling by the ease with which the white moves at the 
air cell, which usually is enlarged. Out of the shell the difference 
between a firm and a thin white is detected easily by pouring the egg 
from one dish to another. As an egg becomes stale the amount of 
thick white decreases and the amount of thin white increases. 

Out of the shell the white of the fresh egg has an opalescent 
tinge, which characteristic is lost when an egg becomes stale. Eggs 
are found sometimes in which the white is as thin as water. Such 
eggs, however, are encountered rarely in ordinary candling. They 
are detected by the exceedingly rapid motion of the yolk when 
the egg is turned before the candle and by the very watery appear- 
ance of the white at the air cell, which usually is broken. The watery 
condition is caused, in most instances, by bacteria which penetrate 
the shell when it is broken or wet and grow in the egg material, 
destroying the mechanical structure of the white. When such eggs 
are opened the white flows out as readily as water and may be color- 
less, although usually it is a yellowish brown. The odor is bad and 
ammonia frequently is detected. Eggs with whites thus liquefied are 
inedible. 

Several classes of bad eggs are indicated by discolored whites. Of 
these, eggs with yellow, bloody, moldy, and green whites are the most 
numerous. 

A yellow white represents one of the most common forms of egg 
deterioration and is caused by the disintegration of the yolk. The 
whites assume a clouded yellow color before the candle, the depth of 
the color depending upon the amount of yolk present. (See Pl. VI.) 

Eggs with bloody whites are comparatively rare. They occur most 
frequently among pullets’ eggs in spring and fall and are caused by 
rupture of blood vessels of the hen during the passage down the 
oviduct of the egg before it is covered with the shell. The blood may 
be present in the egg in the form of clots attached to the yolk or 
distributed through the white. Such eggs are detected on candling 
by the red color of the white and by the clots which appear as 
irregular-shaped bodies floating in the egg. (See Pl. X.) If eggs 
with bloody whites are inclosed in white shells, the red color is 
detected easily by candling; if they are inclosed in brown shells, it 
is not so easy to distinguish between the deep pink color caused by 
the shell and the red color due to the presence of blood. An orange- 
colored yolk also may make it difficult to detect an egg with a bloody 
white. 
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Green-white eggs* are caused by bacteria which have penetrated a 
damaged or wet shell. These organisms grow in both the white and 
the yolk, producing in the former a very characteristic green color. 
Only in exceptional cases is the egg shell sufficiently transparent for 
the green color of the white to be seen by candling. Eggs with green 
whites represent one of the few kinds of bad eggs which can not be 
determined by inspection through the shell. 

Mold may penetrate a wet, broken shell and attach itself to the 
inner surface in the form of irregular patches. If the growth takes 
place at low temperatures, the affected portions of the white are gela- 
tinized. These mold spots appear as dark areas before the candle, 
and are seen easily if not covered with the fingers. (See Pls. IV and 
XII.) 

Foreign bodies, such as meat spots, grain, gravel, or worms, may 
be included in the egg in its passage down the oviduct. Before the 
candle they appear as dark spots moving in the white. 


THE YOLK. 


The conditions to be noted when studying the yolk may be divided 
into two classes, namely, those relating to ordinary decay and those 
pertaining to changes taking place during hatching. 


CHANGES IN THE YOLK DUE TO DECAY. 


The condition of the yolk is one of the most important factors to be 
determined when judging the quality of eggs by candling. When a 
fresh egg is twirled before the candle the yolk is dimly seen as a dark 
and shadowy object moving slowly in the white. The more trans- 
parent the shell the more distinctly is the yolk seen. The yolk sac is 
so strong and the white so firm that the spherical form of the yolk is 
altered very little when the contents of the egg are set in motion by 
the turning during candling. 

Because of the thinner condition of the white, the yolk of a stale 
ege@ is seen much more plainly on candling than that of a fresh egg. 
As the egg ages the yolk sac weakens, and since the white becomes 
thinner at the same time the outline of the yolk is seen to change 
when the egg is rotated. When such an egg is opened the yolk flat- 
tens out and often breaks. The differences in the strength of the yolk 
sac of eggs of varying degrees of freshness are indicated clearly in 
Plates I and III. If eggs which have weak yolks before the candle 
show whole yolks when opened, they are graded as good if no other 
cause for rejection is observed. 

When the yolk of an egg is so weak that a shake in the hand 
causes it to break and mix with the white, the egg should be graded 


1{llustrated in color in U. S. Dept. Agr. Bul. 51, Pl. VIII. 
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as unmarketable, for during shipment it is very likely to become 
unfit for food. These eggs are difficult to grade accurately by can- 
dling. They are of such inferior quality, however, that in case of 
doubt they should be classed as inedible. 

The yolk sac may so weaken that the yolk seeps or Gans through 
into the white. In these eggs the yolk would appear whole before 
the candle, but it would be weak, and the white would have a cloudy, 
yellow color. Out of the shell the yolk will be seen to be flattened 
and sometimes mottled and the white to be streaked with yolk. 
Very close candling is required to detect these eggs, and since they 
are border-line eggs, in which further deterioration is very rapid, 
they should not be graded as marketable.t 

The more common form of disintegration of the yolk takes place 
through the rupture in one or more places of the yolk sac and the 
mingling of the white and yolk. This mixing is commonly known 

s “addling.” All degrees of addling may be found, from the egg 
in which the yolk is just beginning to mix with the white to the egg 
in which no vestige of white is seen. The eggs representing the 
early stage of mixing are called “ mixed rots,” and those representing 
the later stage, “ white rots.” Both are inedible. 

Mixed rots are characterized on candling and out of the shell by 
the irregular mixture of white and yolk. Often one portion of the 
yolk shows more deterioration than another, a condition shown by 
a darkened area on candling and by whitish streaks out of the shell. 
(See Pl. VI.) 

The characteristics noted for mixed rots are even more marked in 
the white rots. In these eggs the white assumes a general yellow 
appearance on candling and out of the shell. (See Pl. VII.) 

The incrusting of the yolk is a characteristic form of deterioration 
among eggs with soiled shells which have been held in cold storage. 
Under certain conditions the bacteria enter the shell, liquefy the 
white, making it watery, and produce a coating or crust on the yolk. 
Before the candle the yolk appears to have dark, mottled areas. 
Such eggs are unfit for food. 

The position of the yolk also must be taken into consideration when 
grading eggs by candling. In a fresh egg the yolk is slightly above 
the center in the large end of the egg. Although lighter than the 
white, it does not float against the shell because the chalaze tend to 
hold it in a central position in the egg. As the egg becomes stale 
with age, and especially from exposure to heat, the white is weakened, 
thereby making it possible for the yolk to float near the shell. This 
condition indicates staleness if the egg shows shrinkage. 


1 An illustration of an egg with a seeping yolk is published in U. S. Dept. Agr. Bul. 224, 
IEA PCA 


HOW TO CANDLE EGGS. 11 


As aging continues, the yolk may adhere slightly to the shell, but 
a quick twist of the egg may set the yolk free without breaking it. 
In such a case the egg is edible, but a very low grade. With further 
aging the yolk will stick to the shell so that it can not be separated 
without breaking the yolk sac, in which case the egg is classed as 
bad. (See Pl. XI.) When the yolk is thus broken, as may happen 
when the egg is turned quickly, the appearance of the egg before 
the candle is the same as that of a mixed rot. Again, the yolk may 
be adherent at one point and broken at another. These eggs de- 
teriorate quickly into mixed or white rots. 

Dampness may be another factor causing the yolk to stick to the 
shell. In this case molds. penetrate the shells as far as the yolk, 
which becomes very heavily attached to the shell, as shown in Plate 
XII. 

The color of the yolk affects the color of the light passing through 
the ege from the candle in much the same way as does the color of 
the shell. For example, an ege with a light-yellow yolk will reflect 
a pink-yellow light when held before the candle, and an egg with an 
orange yolk a red light. Sometimes eggs with olive-colored yolks are 
found. These reflect a green color from the yolk, which charac- 
teristic has given them the name of “grass eggs.” (See Pl. V.) 
The color of the yolk is not considered in the grading of eggs by the 
candle, except in the case of “grass eggs,” which are classed as 
“ seconds,” because their color is abnormal. 


CHANGES IN THE YOLK DUE TO HATCHING. 


A few hours’ incubation under the hen or exposure to warm tem- 
peratures, as in summer, is sufficient to start the hatching of a fertile 
egg. In its early stages this condition can be detected on candling 
by the reddish glow of the area surrounding the germinal spot, which 
in this stage of development is termed a “ hatch spot.” This is very 
plainly seen when the egg is opened. A hatch-spot egg before the 
candle and out of the shell is shown in Plate III. An egg in which 
the hatching has progressed to this stage is considered edible but 
is graded as a “second.” 

Blood forms if incubation continues. At this stage in the devel- 
opment of the embryo, the egg is considered inedible. A fertile egg 
containing blood, due to hatching, is termed a “blood ring.” Such 
eggs are detected on candling by the circle, or portion of a circle, of 
blood present around the reddish hatch spot area of the yolk. (See 
Pl. VIII.) If the embryo does not die, and conditions of incubation 
are favorable, the different stages of development from the forming 
of blood veins to the growing of the mature chick can be followed by 
observation before the candle. After the embryo chick begins to 
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take form it appears black on candling. (See Pl. 1X.) An egg con- 
taining a large embryo can not be distinguished from a black rot, 
except by the absence of motion of the contents when the egg is 
turned during candling. Practically all incubated fertile eggs found 
in the candling of eggs for market contain dead embryos. 

After the embryo has died the contents of the egg are subject to 
all the changes making for deterioration which have been described 
for the white and yolk. For example, a yolk bearing a blood ring 
may adhere to the shell or disintegrate and mix with the white. The 
yolk of a partially hatched egg usually attaches itself to the shell by 
the hatch spot or blood ring. 


CLASSIFIED DESCRIPTION OF EGGS BEFORE THE CANDLE AND 
OUT OF THE SHELL. 


The different types of eggs found in commerce may be classified 
according to edibility and possibility of detection by candling as 
follows: 


TABLE 1.—Hggs classified according to edibility and possibility of detection by 
candling. 


EGGS THAT CAN BE DETECTED BY CANDLING. 


EDIBLE. INEDIBLE. 
Tllus- Tilus- 
Kind. trated in Kind. trated in 
Plate No. Plate No. 
Fresh egg. Mali Black rot. IV 
Hatch-spot egg. III Egg with seeping yolk. 
Stale egg. Mixed rot. VI 
Weak egg. White rot. Vil 
Egg with movable air cell.1 IV Blood ring. VIII 
Egg with double yolk.! Egg with large embryo. IX 
Egg with olive-colored yolk.1 V Egg with bloody white. x 


Egg with slightly stuck yolk. XI 

Egg with heavily stuck yolk. 

Moldy egg. IV, XII 

Egg with crusted yolk. 

Egg containing blood spots 
or other foreign bodies.2 

Egg with heavily mottled 


yolk. 
1 Edible if there is no deterioration. 2 Sometimes edible on removal of body. 


EGGS THAT CAN NOT BE DETECTED BY CANDLING. 


INEDIBLE. 


Kind. 


Egg with green white. 
Musty egg. 
Sour egg. 


A brief description of the appearance of each type of egg before 
the candle and out of the shell is given in the following pages. The 
principal distinguishing characteristics also are given. These tabu- 
lated descriptions, in conjunction with the table and the illustrations, 
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can be used as a working guide in the candling of eggs. The terms 
used to express the specific condition of the eggs are defined in the 
general description of shell, white, and yolk, as discussed on pages 


6 to 12. 


FRESH EGG.1 
(Plates I and II.) 


BEFORE THE CANDLE. 


Air space: Not enlarged; less than 
three-fourths inch in diameter. 

White: Firm and clear. 

Yolk: Dimly seen through the white 
as a shadowy object indistinct in 
outline. The chick spot is not 
visible. 

Distinguishing characteristics: No 
shrinkage and general firm condi- 
tions of white and yolk. 


Edible. 


OUT OF THE SHELL. 


White: Firm and thick; opalescent; 


reflects the light. 


Yolk: Spherical and firm; chick spot 


small with no sign of hatching. 
Color is uniform for the entire yolk, 
but varies in color from light yellow 
to deep orange, and is occasionally 
olive green. 

Distinguishing characteristics: 
General firm condition of white and 
yolk. White, opalescent. 


HATCH-SPOT EGG. 
(Plate III.) — 


BEFORE THE CANDLE. 


Air space: Usually enlarged. 

White: Thin and clear. 

Yolk: A distinct reddish glow around 
the germinal spot, which is visible; 
usually located above the middle of 
the egg. 

Distinguishing characteristic: Red- 
dish glow on the yolk. 


Edible. 


OUT OF THE SHELL. 


White: Thin and clear; no _ opales- 


cence; does not reflect the light as 
strongly as does a fresh egg. 


Yolk: Bears a hatch spot; is flattened, 


being especially weak around the 
embryo. 

Distinguishing characteristic: 
Hatch spot on the yolk. 


_ Occurrence: Chiefly during warm weather or hatching season. 
STALE EGG.2 


BEFORE THE CANDLE. 


Air space: Enlarged; the lower wall 
may be movable in outline. 

White: Thin and clear. 

Yolk: Definite in outline; sometimes 
weak, and may occasionally have 
dark, mottled areas. 

Distinguishing characteristics: En- 
larged air cell and increased contrast 
between white and yolk as compared 
with a fresh egg. 


Edible. 


OUT OF THE SHELL. 


White: Thin; no opalescence; does not 


reflect the light as much as does a 
fresh egg. 


Yolk: Flattened, and occasionally may 


have light, mottled areas. 
Distinguishing characteristics: 
Thin white and flattened yolk. 


Occurrence: Among eggs not marketed promptly. 


17The color of a white egg before the candle is yellow with a pinkish tinge, that of a 
brown egg is pinker, and that of a dark brown egg is almost red. In each instance the 


color deepens in the region of the yolk. 


2Tilustrated in color in U. S. Dept. Agr. Bul. 51, Pl. III. 
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WEAK EGG.1 


BEFORE THE CANDLE, 


Air space: Enlarged; lower wall usu- 
ally movable in outline. 

White: Very thin and clear. 

Yolk: Whole, but very weak; may 
bear a hatch spot and may be 
mottled. 

Distinguishing characteristic: A 
weak condition of white and yolk. 


Edible. 
Occurrence: Chiefly during summer. 


OUT OF THE SHELL. 


White: Clear and very thin. 

Yolk: Membrane often breaks when 
the egg is opened ; may have a hatch 
spot and may be mottled. 

Distinguishing characteristic: Yolk 
sac often breaks when egg is opened. 


EGG WITH MOVABLE AIR CELL. 


(Plate IV, figure 1.) 


BEFORE THE CANDLE, 


Air space: Always on top no matter in 
what position the egg is held. 

White and yolk: Fresh, stale, or de- 
teriorated. 
Distinguishing characteristics: 
Movable air cell; much less contrast 
between white and yolk in a weak 
egg than in a fresh egg; gives a 
hollow sound when tapped against 
the shell of an egg with normal 
air cell. 


OUT OF THE SHELL. 


White and yolk: Fresh, stale, or de- 
teriorated. 
Distinguishing characteristic: 
None. 


Edible if contents have not deteriorated. 
Occurrence: During autumn, when the proportion of stale eggs is the greatest, 
and in those sections where eggs are subject to rough handling. 


MOLDY CRACKED EGG. 


(Plate IV, figure 2.) 


For description see page 18. 


BLACK ROT. 


(Plate IV, figure 3.) 


BEFORE THE CANDLE. 


Air space: Very much enlarged ; lower 
wall may be movable in outline or 
may be broken. 

Contents of shell: Gray or black in 
color. 

Distinguishing characteristic: 
Black color. 


Inedible. 


OUT OF THE SHELL. 


The color of the mixture varies 
from gray-green to dirty yellow. It 
may contain a decomposed embryo. 

Distinguishing characteristic: Dis- 
colored mixture with bad odor. 


Occurrence: Most frequently during spring and late summer months. 


1Tllustrated in color in U. 8S. Dept. Agr. Bul. 224, Pl. XIV. 
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EGG WITH DOUBLE YOLK. 


BEFORE THE CANDLE. 


Air space: Small or enlarged. 
White: Fresh, stale, or deteriorated. 
Yolk: Two yolks floating in the white. 
Distinguishing characteristics: 
Double yolk, and egg is usually very 
large. 


OUT OF THE SHELL. 


White: Fresh, stale, or deteriorated. 

Yolk: Two yolks. 

Distinguishing 
volks. 


characteristic: Two 


Edible if deterioration has not taken place. 


Occurrence: Infrequent. 


EGG WITH OLIVE-COLORED YOLK. 


(Plate V.) 


BEFORE THE CANDLE. 


Air space: Small or enlarged. 
White: Fresh, stale, or deteriorated. 
Yolk: Olive or greenish yellow in color. 
Distinguishing characteristic: A 
greenish cast to whole egg, deepen- 
ing in the region of the yolk. 


OUT CF THE SHELL. 


White: Fresh, stale, or deteriorated. 
Yolk: Olive or greenish yellow in color. 
Distinguishing characteristic: 
Olive-colored yolk. 


Edible if deterioration has not taken place. 
Occurrence: Most frequently in spring, but may be seen throughout the year. 


EGG WITH SEEPING YOLK.1 


BEFORE THE CANDLE. 


Air space: Usually enlarged ; the lower 
wall may be movable in outline. 

White: Yellow, due to seepage of yolk 
through defective yolk sac. 

Yolk: Very weak, and may show dark, 
mottled areas. 

Distinguishing characteristics: Yel- 

low white and uneven coloring of 
yolk if mottled. 


Inedible. 


OUT OF THE SHELL. 


White: Thin and partially or entirely 
streaked with yellow. 
Yolk: Flattened and very weak, and 
may be mottled. 
Distinguishing characteristic: Seep- 
ing yolk, 


Occurrence: A common form of deterioration during entire year. 


1]llustrated in color in U. S. Dept. Agr. Bul. 224, Pl. XVI. 
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MIXED ROT. 


(Plate VI.) 


BEFORE THE CANDLE. 


Air space: Enlarged; the lower wall 
may be movable in outline. 

White: Unevenly streaked with yel- 
low ; thin. 

Yolk: Yolk sac broken in one or more 
places and contents flowing into the 
white. Dark areas may be seen in 
the liquid. 

Distinguishing characteristic: 
Streaked appearance of contents due 
to mixing of white and yolk. 
Inedible. 


OUT OF THE SHELL. 


White: Thin and uneyenly streaked 
with yellow. 

Yolk: Broken and partially mixed with 
the white; may contain whitish 
streaks. 

Distinguishing characteristic: 
Partially addled contents. 


Occurrence: A very common form of deterioration during entire year. 


WHITE ROT. 


(Plate VII.) 


BEFORE THE CANDLE. 


Air space: Enlarged; lower wall may 
be movable. 
White and yolk: Mixed. giving gen- 
eral yellow color to contents. 
Distinguishing characteristic: More 
or less uniform mixture of white 
and yolk. 


Inedible. 


OUT OF THE SHELL. 


White and yolk: Mixed together more 
or less completely. Has usually a 
stale or a sour odor. 

Distinguishing characteristic: Ad- 
dled appearance. 


Occurrence: A very common form of deterioration during entire year. 


EGG WITH BLOOD RING. 


(Plate VITI.) 


BEFORE THE CANDLE. 


Air space: Large or small. 

White: Thin and clear. 

Yolk: A distinct reddish glow on one 
side of the yolk, in which is seen 
a blood ring or portion of ring. 

Distinguishing characteristic: Pres- 
ence of blood in region showing red- 
dish glow. 


Inedible. 


Occurrence: During warm weather or 


OUT OF THE SHELL. 


White: Thin and clear. 

Yolk: Germinal spot enlarged and sur- 
rounded by complete or partial blood 
ring; yolk flattened and often very 
weak. 

Distinguishing characteristic: Blood 
ring on yolk. 


> hatching season, 
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EGG WITH LARGE EMBRYO. 


(Plate IX.) 


BEFORE THE CANDLE. 


Air space: Enlarged. 

White: Thin and clear. 

Yolk: Covered with a network of 
blood vessels, in the center of which 
the embryo is beginning to take, or 
has taken, form. The embryo is seen 
as a dark body on the yolk, its size 
depending upon the period of incu- 
bation. With age, the blood vessels 
may become faded. The yolk may or 
may not be broken. 

Distinguishing characteristics: 
The network of blood vessels and 
the dark body on the yolk, which 
usually is broken. 


Inedible. 


OUT OF THE SHELL. 


White: Thin and clear unless the yolk 
is broken. 

Yolk: Covered with a network of 
blood vessels, in the center of which 
is the body of the embryo. The yolk 
may or may not be broken. 

Distinguishing characteristic: Size 
of embryo, 


Occurrence: During the hatching season and during warm weather. 


EGG WITH BLOODY WHITE. 


(Plate X.) 


BEFORE THE CANDLE. 


Air space: Small or enlarged. 

White: Red in color, very often con- 
taining clots of blood which occur 
as irregular-shaped bodies moving 
through the white. 

Yolk: Usually intact. 

Distinguishing characteristic: A 
general reddened appearance, par- 
ticularly in the white. 


Inedible. 


OUT OF THE SHELL. 


White: Mixed with blood; sometimes 
clots are present. 
Yolk: Normal for giade of egg, but 
may bear blood clots. 
Distinguishing 
Blood in white. 


characteristic: 


Occurrence: Infrequent at all seasons of the year; most common in early 
spring and late autumn when pullets begin to lay. 


EGG CONTAINING BLOOD CLOTS OR CTHER FOREIGN BODIES. 


BEFORE THE CANDLE. 


Air space: Small or enlarged. 

White: Blood clots and foreign bodies 
appear as irregular-shaped dark-col- 
ored bodies floating in the white. 

Yolk: Usually intact. 

Distinguishing characteristic: 
Dark bodies floating in the white. 


OUT OF THE SHELL. 


White: Pieces of flesh, grain, gravel, 
or even feces or worms may be at- 
tached to the yolk or floating in the 
white. 

Distinguishing characteristic: 
Blood clots or foreign bodies in the 
white. 


Inedible, except in the case of eggs containing small clots of blood or small 
pieces of meat, which are easily removed when the egg is opened. 


Occurrence: Infrequent. 
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EGG WITH YOLK SLIGHTLY STUCK TO THE SHELL. 
(Plate XI.) 


BEFORE THE CANDLE. 


Air space: Enlarged; lower wall may 
be movable in outline. 

White: Thin, may be streaked with 
yellow if yolk sae is ruptured. 

Yolk: Attached to shell by a small 
area of the yolk sac; waves when 
egg is turned; as the yolk sac is 
weak, it frequently may be found 
to be ruptured, with contents flow- 
ing into the white, or twisting dur- 
ing candling may tear the yolk from 
the shell, when the appearance be- 
fore the candle will be similar to 
that of a mixed rot. Occasionally, 
if the yolk has just begun to stick 
to the shell, turning the egg in 
front of the candle may free the 
yolk without breaking its sac, when 
it is graded as a good egg. 

Distinguishing characteristic: The 

sticking of the yolk by a small area 
so that it sways easily when the egg 
is turned. 


Inedible. 


OUT OF THE SHELL. 


White: Thin and clear,-or may be 


streaked with yellow if yolk is 
broken. 


Yolk: If whole in the shell, it is 


broken when the egg is opened, leav- 
ing a yellow mark on the shell at 
place of contact. If yolk was both 
stuek and broken in the shell, it will 
have the appearance of a mixed rot 
when removed from the shell. If 
yolk was very lightly stuck it might 
drop out of the shell without break- 
ing, in which case the egg would be 
classed as good. 

Distinguishing characteristic: A 
broken yolk and a yellow mark on 
the shell where the yolk is stuck. 


Occurrence: Very common in summer and autumn. 
MOLDY EGG. 
(Plate IV, figure 2; Plate XII.) 


BEFORE THE CANDLE. 


Air space: Enlarged; lower outline 
may be movable. 

White and yolk: Mold shows as black 
or grayish areas inside shell. If 
ege is damaged, the growth follows 
the line of the crack. The growth 
may be confined to the shell, in 
which case the contents of the egg 
will appear normal; or it may be in 
the air cell or the white, in which 
ease its presence is detected by dark- 
colored patches; or it may extend 
to the yolk, which in this stage is 


heavily attached to the shell and~™ 


covered with dark spots. In an ad- 
vanced stage of mold growth the 
whole egg may appear black. 

Distinguishing characteristic: 
Black patches of mold growth. 
Inedible. 


OUT OF THE SHELL. 


White and yolk: Normal, if the mold 


growth has not extended beyond 
the shell. If the mold is growing 
in the white it is seen as small 
patehes on the shell, and the yolk 
may be whole but is usually weak. 
Sometimes the shell is colored blue 
or red by the mold growth. If the 
mold has invaded the yolk so that 
it sticks to the shell, it then has the 
appearance of an egg with a heavily 
stuck yolk. 

If the mold growth has taken 
place in cold temperatures, the in- 
fected areas will be gelatinous. 

Distinguishing characteristic: In- 
fected areas either dark in color or 
gelatinized. 


Occurrence: Throughout the year among eggs held in damp surroundings. 


1 Illustrated in color in U. S. Dept. Agr. Bul. 224, Pl. XV. 


HOW TO CANDLE EGGS. 19 


EGG WITH HEAVILY STUCK YOLK.! 
BEFORE THE CANDLE. OUT OF THE SHELL. 


Air space: HWnlarged; lower wall may | White and yolk: More or less mixed 


be movable in outline. together; a large portion of the yolk 
White: Very thin. remains attached to the shell. 
Yolk: Stuck to the shell by a large Distinguishing characteristic: 
area of the yolk sac and does not Heavily adherent yolk. 


wave when the egg is turned; the 
color at point of contact is very 
much darkened. 

Distinguishing characteristics: 
Kirm attachment of yolk to shell 
and dark color at place of contact. 


Inedible. 
Occurrence: Throughout the year among eggs held in damp surroundings. 


EGG WITH HEAVILY MOTTLED YOLK. 


REFORE THE CANDLE. OUT OF THE SHELL. 
Air space: Small or enlarged. White: Usually weak. 
White: Usually weak. Yolk: Streaked with different shades 
Yolk: Bears dark mottled areas and of yellow; sometimes watery areas 
is frequently weak. are present. 


Distinguishing characteristic: 
Dark mottled areas on yolk. 
Inedible. 
Occurrence: Chiefly among summer eggs and eggs held at low temperatures. 
MUSTY EGG. 


OUT OF THE SHELL. 


White: Fresh, stale, or deteriorated. 
Yolk: Stale or deteriorated. 
Distinguishing characteristic: Musty odor. 
Inedible. 
Occurrence: Among eggs held in damp surroundings. 


SOUR EGG. 
OUT OF THE SHELL. 


White: Thin, and is frequently cloudy. 
Yolk: Weak and often broken. 
Distinguishing characteristic: Sour odor. 
Inedible. 
Occurrence: During entire year. 
EGG WITH GREEN WHITE. 
OUT OF THE SHELL. 


White: Clear and distinctly green in color. 
Yolk: Flattened and sometimes very weak. 
Odor: May or may not be pleasant. 
Distinguishing characteristic: Green white. 
Inedible. 
Occurrence: Throughout the entire year, but chiefly in spring among dirty, 
washed, and cracked eggs, when the weather is damp. 


1]Tllustrated in color in U. S. Dept. Agr. Bul. 224, Pl. XV. 
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EGG WITH CRUSTED YOLK. 


BEFORE THE CANDLE. OUT OF THE SHELL. 
Air space: Enlarged, usually broken. | White: Extremely watery and usually 
White: Decidedly watery and _ fre- yellowish in color. 
quently yellowish in color. Yolk: Covered with a light Golored 
Yelk: Crusted and weak. erust, which has a tendency to 
Distinguishing characteristics: flake off. 
Watery condition of white and dark | Odor: Putrid, frequently resembling 
spots on yolk. ammonia. 


Distinguishing characteristics: 
Crusted yolk and watery white. 
Inedible. 


Occurrence: Chiefly among dirty and washed eggs held in cold storage. 


O 
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A FRESH EGG WITH WHITE SHELL BEFORE THE CANDLE AND OUT OF THE SHELL 
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UPPER FIGURE: EGG WITH MovaBLeE AIR CELL BEFORE THE CANDLE. LOWER: 
LEFT, MOLDY CRACKED EGG IN DAYLIGHT; RIGHT, BLACK ROT BEFORE THE 
CANDLE. 
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E@G WITH LARGE EMBRYO BEFORE THE CANDLE AND OUT OF THE SHELL. 
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EGG WITH YOLK SLIGHTLY STUCK TO THE SHELL BEFORE THE CANDLE AND OuT OF 
THE SHELL. 
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The European earwig (fig. 1) was first noted at Newport, R. I., 
in 1911 and is now present there in vast numbers. While it is not 


Fig. 1.—The Huropean earwig (Forficula auricularia) : Adult males at left, 
adult females at right. (Original.) 


considered of great economic importance in Europe, it has increased 
so rapidly in Newport that it has become a serious pest and caused 


1 Forficula auricularia L. 

Norn.—The first visit to Newport to study the habits of this insect was,made by the 
writer in August, 1915. Hight trips of this kind, averaging four days each, were made 
during the summer and fall. Work was resumed May 6, 1916, and experiments were 
under close observation through the entire season. Mr. T. Suffern Tailer, a resident of 
Newport, whose grounds are in the heart of the area infested by this insect, gave finan- 
cial support to cover expenses of the control measures and furnished the writer a large 
room to be used as a laboratory. With his cooperation and the help of his head gar- 
dener, Mr. William Edward, many facilities for the study of this insect were provided. 
Cooperation was also secured from other owners and gardeners, and Mr. Perez Simmons, 
a graduate of the Massachusetts Agricultural College, assisted in the application of con- 
trol measures. The photographs used were made by Mr. Harold A. Preston of the Gipsy 
Moth Laboratory. 

98190°—17 
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much annoyance. It is not unreasonable to suppose that this insect 
will spread to other sections of the country and cause great annoy- 
ance to farmers. . 

A much smaller colony, which, however, has increased rapidly, 
was reported from Seattle, Wash., in 1915. Other reports of the 
occurrence of this earwig in the United States appear to have origi- 
nated from one or two cases in which isolated specimens were cap- 
tured on imported plants. 

This earwig is found all over Europe, but is seldom present in 
extreme numbers. It is impossible to say from which of the Euro- 
pean countries the colony at Newport originated, or how the first 
individuals were imported. Quantities of nursery stock arrive from 
abroad each year upon which the importation may have been made. 


DESCRIPTION AND SEASONAL HISTORY. 


THE EGG. 


The female earwig lays from 50 to 90 shining white eggs (fig. 2) 
in the ground, the eggs being about one-twentieth inch in length. 
: Forty females were mated and placed in separate 
cans of soil for observation. One deposited 82 
eggs between November 6 and 10. On December 
26 a second examination showed that 30 of the 
females (75 per cent) had deposited eggs. These 
females do not die at once, but hibernate, and in 

the spring attend the larve in their early stages. 
HIG. 2 renee ce a During the previous year in a few cases eggs were 

pean earwig. n : i 

larged twice. deposited in the spring, but failed to hatch. 

(eee Mellow garden soil with a southern exposure 
is a favorite place for egg deposition. Many hibernating females 
and their eggs have been found from 2 to 3 inches below the surface 
of the lawns. 


THE LARVA STAGES. 

The young earwigs, or larve, may be found in the ground, or at 
night on the soil surface, about May 5. They resemble the adults in 
general form, but have no wings and only delicate, simple forceps or 
pinchers on the posterior extremity of the body. At first they are 
pure white, but the color slowly darkens to a delicate olive green 
which has a peculiar shiny appearance. About June 9 they appear 
very dusky olive green, or even steel gray, with almost transparent 

1 The season during which these notes were gathered was rather peculiar. The entire 
spring was so cold and wet that foliage and insects were retarded in their development 
approximately one week. The summer was nearly normal, but was followed by a long 
dry fall. No killing frost occurred until the second week in November, and no real 
freezing of the soil took place until after December 1. The laryal development in an 
ordinary season would be approximately one week ahead of the dates given for 1916, 


while the fall dates for hibernation and egg deposition usually would be from one to 
four weeks ahead of those in 1916. 
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‘legs and a dull-brown head (fig. 3). There are four larva stages 
which gradually approach the adult in size and color. The change 
from the fourth larva stage to the adult form takes 
place about July 18. 

When first hatched the larvee leave their under- 
ground nests, most noticeably on warm nights about 
two hours after dark. They swarm over the ground, 
but usually stay within 2 or 3 feet of the entrance 
to their nest. On cold nights few can be found. 
As they grow older they are active even on cold, 
wet nights. 

Woung Jarve feed on very tender green shoots ~— furopean earwig. 
such as clover and grass, and possibly portions of — Enlarged twice. 
grass roots. Later they feed extensively on green = (078/72!) 
shoots such as Lima-bean (fig. 4) or dahlia plants (fig. 5 in compari- 

son with fig. 6). By July 1 dahlia buds begin to appear and the 
blossoms of sweet William and early roses are plentiful. These are 
damaged greatly by the young earwigs. The bases of the petals and 
the stamens are eaten and the old taste for green shoots disappears 
if favorable flowers are near. 


Fig. 3.— Larva of 


Fic. 4.—Lima bean plant partially eaten by young earwigs. (Original.) 


THE ADULT. 


The adult is rich reddish brown, with the wing covers and legs. 
dull yellow brown, and the wings completely developed. From head 
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to tip of forceps it is about three-fourths of an inch in length. The 
forceps of the male are curved into a semicircle, or slightly elongated, 
with a tooth at the point of divergence. In the female the forceps 
are nearly straight. 

The adults feed almost entirely on the. petals and stamens of flow- 
ers, although many other kinds of food, such as clover, grass, terminal 
buds of chrysanthemums, and other fall flowers, are eaten. They kill 
and eat certain unprotected, sluggish larvee, dead flies, and the dead 
or dying of their own species. 

In late summer the adults congregate in large numbers in crevices 
or behind vines (fig. 7), near a good food supply. This concentration 
of large numbers of ear- 
wigs in favorable hiding 
places is due entirely to the 
mating instinct. 


HIBERNATION. 


Adult males seldom live 
over winter in Newport, 
R.I. Nearly all of them die 
after copulation, which oc- 
curs in the fall, before cold 
weather sets in. An occa- 
sional male is found in the 
ground with a female in the 
late fall; these males usu- 
ally die before spring. 

Aduit females hibernate 
in the ground from 2 to 8 
inches below the surface. 
LEE NS Any well-drained soil is 
Dahlia plant defoliated by young earwigs. suitable, either in gardens 

sree or under the sod of the 
lawns. In some cases, as has been explained, they deposit eggs just 
before hibernating, so that this insect passes the winter in both the 
cgg and adult stages. 

Emergence from hibernation is dependent on the temperature. In 
1916 females did not leave their hibernation quarters until the last 
week in. April. 

No migration appears to occur in the spring, except individ- 
ual search for food. Apparently only a very small percent- 
age of the total number of adult females is able to live over winter 
successfully. 


. 


BiG. 8. 
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DISAGREEABLE HABITS OF CONCEALMENT. 


The adult earwigs hide very quickly if disturbed by a sudden light 
or some unusual noise. During the day they hide in any crevice, 
fold of clothing, or even behind a convenient leaf which offers pro- 
tection. Thus one finds them in large numbers on the porches, behind 
the chair cushions, under the rugs, and in folds of awnings. On one 
estate, each morning when the porch awnings were let down, over 
a quart of earwigs dropped out and were swept up and burned. 
The writer has seen at least 300 adult earwigs in one of the servants’ 
halls at Newport. They were behind the cushions in the chairs, in 


Fic. 6.—Normal, uneaten dahlia plant. (Original.) 


folds of lace curtains, and even on the table. Bedrooms and bath- 
rooms of the finest houses may be invaded by occasional adults in 
spite of careful watchfulness and screens. They are decidedly 
repulsive when found crawling rapidly over the walls or furniture 
at night. The stories about bodily harm done by these insects are 
all without foundation. 


AREA INFESTED. 


The evidence at hand regarding the area infested previous to 1914 
is very meager. It consists of data drawn from conversations with 
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gardeners of the various estates. In almost every case they are men 
of education and trained powers of observation. 

1911—Mr. T. Suffern Tailer owns the estate where the first ear- 
wigs were noted. His gardener believes that a very few were present 
mov OI 

1912.—Mr. Tailer and his gardener state definitely that earwigs 
were present in 1912. Specimens were sent to Washington, D. C., 
by Dr. A. E. Stene, of the Rhode Island State College. 

1913.—The infestation in 1913 had spread to adjoining estates. 
Large numbers were found on Mr. Tailer’s estate and his men at- 
tempted certain control measures. 


Fic. 7.—A typical congregating place for adult earwigs. (Original.) 


1914.—About 1 square mile was heavily infested in 1914. Mr. 
Richard Gardener, of Newport, wrote to the Bureau of Entomology 
at Washington, asking for information regarding the insect. 

1915.—The infestation during 1915 was so heavy that letters re- 
questing information about methods of control were sent to Wash- 
ington and to the State college at Kingston, R. I. <A careful scout- 
ing conducted by the writer showed that about 9 square miles were 
heavily infested. This area is bounded on three sides by water. On 
the fourth side, 2 miles of territory in addition to that infested in 
1915 had small scattered colonies. One isolated colony was located 
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about 64 miles northeast of this infested area, on the estate of the 
late Alfred Gwynn Vanderbilt, of Portsmouth. 

_ 1916—About 10 square miles were heavily infested in 1916 and 
many new small colonies were found outside of this area. The small 
colonies of the previous year showed considerable growth. In some 
cases hundreds of earwigs were present on estates where only a few 
were found the year before. 


METHODS OF DISPERSION. 


This species rarely if ever spreads by flight; in fact, experi- 
mental efforts to induce these insects to use their delicate and com- 
plex wings were unsuccessful. 

Many cases have been noticed where adult earwigs have been 
carried long distances in folds of clothing. Visitors to Newport 
may spread the insect to near-by cities in this way. Several 
isolated colonies located at a distance from the main infestation 
are at points where automobiles frequently stop while their owners 
walk about the extensive grounds. 

These insects may be spread while hiding in the packing mate- 
rial or the soil of shipments of plants and general nursery stock. 
One dead specimen was found by J. J. Pillsbury, assistant State 
entomologist of Rhode Island, in a shipment of plants from Holland. 


The writer has noted these insects in the fall between the toes of 
dahlia bulbs. ; 


NATURAL ENEMIES. 


A parasitic, threadlike worm has caused the death of approxi- 
mately 10 per cent of the earwig larve under close observation in 
the laboratory. This worm? lives free in the body cavity of full- 
grown larval and adult earwigs. The average measurements of five 
of these parasites was 34 inches by 4, inch. 

Various other parasites are reported as having been reared from 
this species of earwig in Europe, but at Newport those so far dis- 
sected have been free from parasites except in the case of one small 
unidentified larva and the worm just referred to. 

Toads eat earwig larve readily, but are not common at Newport. 

Hens devour adult earwigs ravenously. One hen ate 10 of these 
insects thrown to her in as many seconds. Under natural conditions 
these insects are hidden away so carefully through the day that 
fowls can hardly be considered as economically important in the 
sense of controlling the insect. 


1 Filaria locustae. 
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CONTROL OF THE EARWIG. 


NEED FOR SPECIAL CONTROL MEASURES. 


In Europe this insect appears to be held in check by parasites and 
other natural agencies, and it is very rarely present in large numbers. 
Gardeners who raise prize dahlias, chrysanthemums, and flowers of 
that class are the only ones who consider the earwig an actual pest. 
As a result control measures have developed slowly. Their aim has 
been simply to protect a small area from the depredations of a 
comparatively small number of earwigs. Various methods of trap- 
ping have been developed which satisfy the need, so no better 
methods have been worked out. 

At Newport, as has been stated, this insect occurs in vast numbers. 
The lack of parasites and other natural enemies, together with the 
favorable conditions met with at every stage of the life history, has 
made this rapid increase possible. 

The control measures offered in this paper have been developed 
through laboratory tests and later have been tested in field trials on 
a large scale. 

POISONED BAIT. 


For early spring control, May 15 to June 15, poisoned-bread bait 
has proved extremely effective. In fact, it gave far better results 
than any other mixture that was tried. This method would prove 
cumbersome and expensive for the average farmer, but its extreme 
effectiveness makes it the best to recommend at this time. Stale 
bread was secured in 1916 for approximately 2 cents per pound. The 
bait 1s prepared as follows: 


Stalewwihite breads. Seana 2s eee ee pounds__ 16 
PamiSwonecmes: ss 0c.) Scan 2a kre) Na eee eh ea pound. 1 
Water. 


Grind the bread up fine in a meat-chopping machine and mix the 
Paris green with it while dry. Stir the mixture thoroughly, slowly 
adding water enough to make a mixture which will run through 
the fingers, and one which, when thrown broadcast with some force, 
will break up into small particles. The addition of cheap honey to 
the mixture increases its effectiveness, but is not necessary. 

This bait should be spread broadcast between dusk and 9 p. m. in 
gardens and on lawns near vines and shrubs. It should be thrown 
with considerable force in order to break the bait up into smaller 
pieces. If the infestation is heavy or was heavy the previous year, 
three applications covering about 10 days may be necessary. Warm 
evenings should be selected if possible, as on such nights the larvee 
are more active. 
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SONG BIRDS AND THE POISONED-BREAD BATT. 


The danger to song birds from the poisoned bread is very slight in 
the spring. After the 1st of July, especially in dry seasons when 
worms are not plentiful, this danger probably would increase. On 
May 11 an attempt was made to see if song birds would feed on this 
poisoned-bread bait. A narrow, recently spaded garden was selected 
which was south of a small greenhouse and east of a high privet 
hedge, where various birds were plentiful. Bits of this poisoned 
bait, the size of a pea, were placed 2 feet apart and 4 inches from the 
grass border, around the entire edge of the garden. The next morn- 
ing the writer seated himself inside the greenhouse before daylight 
and watched the birds from 3.15 until 5.45 a. m. Ten robins were 
noted hopping along parallel to or crossing the lines of bait. They 
confined themselves entirely to feeding on earthworms. <A pair of 
chipping sparrows were feeding on the soil surface nearly all the 
time, and a pair of purple grackles stalked across the lines of 
poisoned bait. In no case did these birds pay the shghtest attention 
to the conspicuous bits of green bread, and after two days none of 
the particles were missing. No such experiment was tried in the late 
summer when worms were less plentiful. Probably it would be 
dangerous to use this mixture on ground where hens had free range. 


POISON SPRAYS. = 


Poison sprays are not effective after July 1 because of the habit 
developed by this insect of feeding on protected parts of flowers 
and the very new shoots of various plants. During the early stages, 
when larvee concentrate their feeding on certain varieties of plants, 
these plants should be sprayed with arsenate of lead, 6 pounds to 50 
gallons of water, care being taken that the young leaves especially 
are covered. 

As this insect is known to feed somewhat on grass and clover it 
might be advisable to spray infested portions of lawns carefully with 
arsenate of lead, but more tests are necessary to show the effective- 
ness of this treatment. 


CONTACT SPRAYS. 


Contact sprays which would burn foliage or would be objection- 
able near the houses on account of their odor were discarded. Any 
spray used on plants when they are in full bloom tends to make the 
petals of the blossoms fall. A contact spray which has given very 
good results in experimental work at Newport is made as follows: 

Soft potash soap___~ BBD ee Og LS BERS OE a MRR Tow GL ounces__ 30 


BV fear Tee Nh ee I Sl ed do____ 96 
Nicotine sulphate, 40 per cent_--_____________ teaspoonfuls__ 20 
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Dissolve the soap in a little of the water over a fire, then add the 
rest of the water and the nicotine sulphate. This makes 1 gallon of 
stock solution at an approximate cost of 50 cents. Use 1 part to 22 
of water. 


Commonzlaundiyesoap= = ee ee pound__ 4 
Water mi ss eS ea ee a gallons__ 4 
Nicotine sulphate, 40 per cent_-_____--_________ teaspoonfuls__ 5 


The soap must be shaved fine and dissolved in about one-third of 
the water, then the rest of the water and the nicotine sulphate are 
added. This mixture is applied without further dilution and is 
therefore practical only on a small scale. It does not give as good 


Fig. 8.—Flowerpot traps for earwigs. Shorter supporting stakes proved to be of 
advantage. (Originai.) 


results as that containing potash soap. Fish-oil soap also was tried 
in this formula but burned foliage after several applications. 

The foregoing two, being contact sprays, must actually hit the 
insects and hit them well or death is not assured. For this reason 
thorough spraying must be done at night, the insects being hit with 
a fine mist as they crawl over the plants, vines, and grass. To sup- 
plement this night spraying it is well to treat with a stream of the 
same material any crevices where insects are plentiful through the 
day. If necessary, the spraying of heavily infested areas should be 
repeated at intervals of three nights until the results are satisfactory. 


TRAPPING. 


Trapping is the chief method of control recommended by Euro- 
pean authorities. The best trap (fig. 8) appears to be a 3-inch 
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flowerpot, with excelsior in the bottom, inverted over a 9-inch stick 
set in the ground close to plants or vines where earwigs are most 
numerous. The earwigs hide in the excelsior and should be shaken 
into a pail of water which has a thin film of kerosene oil on its sur- 
face. Pieces of bamboo, piles of straw, strawberry boxes, and in 
fact anything that offers shelter may be used; but these substitutes 
are either less effective or less easily handled than flowerpot traps. 


MISCELLANEOUS. 


In cases of extreme abundance earwigs may be kept from a porch 
by surrounding the porch completely with a 1-inch band of a suit- 
able sticky substance. This sticky material prevents the invasion 
of earwigs unless some crevice exists under the band or some vine 
furnishes a bridge over it. To be effective this material should be 
appled by June 15, and its surface must be brushed over with a 
wire brush by July 15, and possibly once more during the season. 


EFFICIENCY OF CONTROL MEASURES. 


Experiments in the field with poisoned-bread bait in May were 
ona rather small scale. Several flower beds and small isolated lawns 
which were literally swarming with young earwigs were treated 
with this bait. The results were surprising. Very nearly 100 per 
cent of the larvee were killed with one application of bait in each 
case. 

Five estates were partially treated with this bait on June 22, 1916, 
and again three days later. The young earwigs at that time were 
passing rapidly into the fourth stage. As has been stated, the habits 
rapidly become similar. to those of the adult. At this late date 
flowers such as sweet William and roses furnished food, and many 
of the earwigs had left-their nests in the ground. Thus they were 
harder to reach with the poisoned-bread bait. It is estimated that 
over 75 per cent of the larve on these five estates were killed by 
these two late applications of bait. Far better results could be ex- 
pected earlier in the season on favorable nights. 

Spraying with contact sprays at might was done on a large scale 
after July 1. Mr. Simmons and an assistant used a barrel pump 
for this work, equipped with a Bordeaux nozzle. They planned to 
spray every three nights the same area, namely, the vines near the 
houses, and a 10-foot circle of lawn around each house. In this 
way. the houses were kept free from the insect. This spraying was 
continued for over a month, although far less than 1 per cent of 
the usual number of earwigs could be found on these estates after 
July 20. A few continued to crawl in from surrounding estates, 
especially late in the fall. 
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Six flowerpot traps were placed near some dahlia plants through- 
out the season. These gave good results: but they are valuable only 
where the earwigs are scarce. They take care of the “crawl-in” 
after a garden has been treated with poisoned bait and contact spray. 

Sticky substance was applied around the porches of one house. 
This is necessary only in extreme cases where no control measures 
have been applied and adult earwigs are causing annoyance in the 
houses. 

SUMMARY OF RECOMMENDATIONS FOR CONTROL. 


May 15 To JUNE 15. 


Spread poisoned-bread bait broadcast over the lawns and gardens. 
Select a warm evening about May 15 and apply the bait just before 
dark. Give one or two more applications of this bait at intervals 
of three or four nights. 

Spray plants which show signs of having been eaten, using 6 
pounds of arsenate of lead to 50 gallons of water, and being very ~ 
careful to cover the young leaves with the spray. 


AFTER JULY 1. 


If the earwig has not been controlled in the spring, spray at night 
with a contact spray, covering the insects well as they crawl over 
the grass and plants. Repeat every three nights until the numbers 
are sufficiently reduced. 

To supplement the night spraying look for crevices where ear- 
wigs commonly hide through the day. Squirt contact spray into 
these cracks every other day. 

Place flowerpot aps every 10 or 12 feet along borders or near 
vines. Remove earwigs from the traps each day by shaking the 
excelsior over a pail of kerosene and water. 
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MORE NAVAL STORES FROM THE SAME TREE. 


Naval-stores operators have the chance to get 31 per cent more 
turpentine and 36 per cent more rosin from their trees by increasing 
the number of chippings during a season. This has been determined 
by actual experiments made by the Forest Service on a tract in 
Mississippi, the results of which are presented in this bulletin. 
Briefly, the method that gives the increased yields is to chip twice a 
week instead of once. At the same time, the streaks are cut only 
one-fourth inch high instead of one-half inch, the present standard 
practice. The faces, therefore, are no higher at the end of the 
season than when they are Baped once a week. 

Double chipping, of course, entails extra expense, but this is much 
more than offset by imemunead. returns. With all additional expenses | 
taken into account, and in the light of present prices, double chip- 
ping ought to increase the net profits from a crop (10,000 faces) by 
about $450. This means an increase in net profits from a 50-crop 
operation of about $22,000. 

While the experiments reported in this bulletin actually show 
a large increase in yields and revenue as a result of double chipping, 
it must be borne in mind that they cover only the first year’s opera- 
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tion upon virgin timber, and that no data are as yet available show- 
ing what effect double chipping would have upon the yield in the 
second and subsequent years. It is the intention to pursue the 
investigations further so that data covering an entire operation 
may be secured. 

The naval-stores industry can not expand at will. About 5,000,000 
acres must be tapped each year to maintain the present production. 
In the same period lumbering removes the trees from about 1,000,000 
acres of virgin longleaf and slash pine, so the available field of 
operation is growing steadily smaller. ‘‘More naval stores from the 
same tree’? must be the watchword of the industry if it is to meet 
the probable demand for turpentine and rosin without crippling itself 
for the future. 
PLAN OF THE EXPERIMENTS. 


The chipping was done on the holdings of a lumber company at 
Columbia, Miss. Three experimental areas were devoted to standard, 
narrow, and double chipping, respectively. 


STANDARD CHIPPING. 


Crops Nos. 2 and 5, with a total of 6,153 cups, were chipped weekly 
with a No. 2 hack. The depth of the streak varied from one-half to 
three-fourths inch. In order that the chipping might conform as 
nearly as possible to that prevailing on the place, no supervision was 
exercised beyond recording the data. 


NARROW CHIPPING. 


The area selected for narrow chipping consisted of all of crop No. 
4 and one drift of crop No. 3, with a total of 6,881 faces. Four stand- 
ard streaks had already been made on this area before the experi- 
ments were started. During the remainder of the season a streak 
about one-fourth inch high and of the same depth as the standard 
was cut every week. This insured that, at the end of the season, the 
faces would be approximately one-half the height of the standard. 
At first a specially constructed hack with a 3-inch bil opening was 
used, but later was abandoned because it broke too easily. After 
that the chipping was done with either a No. 00 or No. 1 hack. 


DOUBLE CHIPPING. 


Five drifts of crop No. 3, totaling 3,107 faces, were used for double 
chipping. This area also had received four standard streaks at the 
beginning of the seson. The chipping was done in the same manner 
as the narrow chipping, except that two streaks were made per week, 
so that at the end of the season the faces would be of the same height 
as the standard faces. Chipping was done at intervals of three days. 
A drift chipped on Monday, for example, was chipped again on 
Thursday. 
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COLLECTION OF DATA. 


A careful record was kept of the net weight of all the crude gum 
collected on the experimental areas, with the exception of the first 
dipping which was made before the experiment could be started. A 
record was kept also for each area of the weight and grades of rosin 
produced and the number of gallons of turpentine as measured at the 
still. The still had a capacity of 10 barrels, but in order to maintain 
uniform conditions it was often necessary to hold over several barrels 
of gum until the next dipping before distilling. 

The ‘‘scrape” from each plot was all collected at one time, but in 
distilling it 12 or 13 barrels formed the unit charge. What was left 
over was weighed as a basis for calculating the amount of turpentine 
and rosin represented by all the scrape, assuming the proportion of 
turpentine and rosin and the grade of rosin to be the same as in the 
case of the charge distilled. The same method of calculation was 
employed on a few barrels of ‘‘dip” remaining over at the end of the 
season. In this case the proportion of turpentine and rosin was 
assumed to be the same as that obtained from the last dipping. This 
dipping contained less turpentine than the average for the season, 
owing to the presence of considerable scrape cleaned from the faces 
and aprons. 

At the beginning of the season, before the experiment proper had 
started, nine, nine, and four barrels of crude gum had been dipped 
from the standard, narrow, and double plots, respectively. No 
record was kept except as to the number of barrels, so an estimate 
was made of the weight of gum and the yield of rosin and turpentine 
based on the average weights and yields of the gum from the first 
few charges immediately following. 

On the standard, and especially on the double-chipping areas, the 
sum from a considerable number of faces was lost during a large 
part of the season from causes ordinarily avoidable. The camp and 
still were located in the double-chipping area and near the standard 
area. Some of the trees were cut to make room for additional build- 
ings, some were cut for structural timbers, while others had to be 
abandoned for various reasons. At the end of the season a careful 
count of these faces was made and the loss estimated according to 
the height of the face. Two faces that had been chipped for one- 
half the season were considered as one face lost for the entire season. 
The number of faces lost in this manner was subtracted from the 
original count in each plot, and the number thus obtained was taken 
as the actual number of faces upon which to base the yields. 

A number of faces in each plot were not chipped a portion or all 
of the season for causes that might be met with in any operation. 
These included faces in out-of-the-way corners among undergrowth, 
and missed intentionally or otherwise by the chipper; those along 
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streams made inaccessible by débris from freshets; trees blown down 
or struck by lightning; those where cups had been hung on the dead 
side of the tree; and faces that “dried out” soon after chipping. A 
count was made of such faces, including every one that had dried 
out to any extent and those on trees that had died from unknown 
causes. ‘The portions of the season lost by these faces are given in 
Table 1. The yields for the season have not been corrected for such 
losses, since these must be accepted in all operations. 


TABLE 1.—F aces lost on account of “dry peaks,’ “dry faces,” trees dying, faces not 
being chipped, and various causes not avoidable in turpentine operations. 


| 

| 

| Portion of season lost— 
Actual ( 


Portion of season Icst by faces 
on trees dying for reasons not 


t— 
Plot. faces dei 
worked. i 
| Oto 2. | } to. |2to3. Stoall.| Oto. | 4t04. | ¥to2. |Z toall 
} | | 
Standard chipping.-...-..-. 6,142 | 151 | 33 17 2 2 | 20 8 | 
Narrow chipping............ | essi} 149] 98 15 11 3 5 11 | 0 
Double chipping............ 3, 049 | 90 | 37/| 16 13 2 | 4 | 0 | 


YIELDS. 


The actual yields obtained are given in Table 2. In this table, as 
well as throughout the bulletin, the weight of the rosin includes the 
weight of the barrel. Usually in selling rosin no deduction is made 
from the gross weight. Since each of the three areas had a different 
number of faces, in Table 3, for purposes of comparison, the figures 
are reduced to a basis of 10,000 faces, or one crop, which usually is 
taken as the standard unit in the naval-stores industry. 

Little importance should be attached to the difference in the grades 
and in the amount of each grade of rosin produced by the different 
areas, since the grades were lowered by carrying over a few barrels of 
gum from one charge to the next, as explained. ‘The deterioration on 
standing was shown by a simple experiment with gum from the 
standard area. 

Sixteen barrels of this gum were held over for nearly a month 
during the middle of the season. At the time this gum was col- 
lected, that from the entire place produced rosin which graded about 
60 percent WGandN. The treatment of this gum in the woods and 
at the still was similar to that given the 16 barrels held over, except 
for the time elapsing between collection and distillation. All the 
rosin from these 16 barrels graded M at least one grade lower than 
that from the fresh gum. The total effect of the stored gum on the 
grades of rosin could not be determined, so that in considering the 
economic side of the experiments a nominal uniform price per barrel 
will be selected. 
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NARROW CHIPPED FACES ARE ONLY HALF AS HIGH AT THE END OF THE SEASON 
AS WHEN THE STREAKS ARE CUT ONE-HALF INCH. 


PLATE Il. 
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DouBLE CHIPPED FACES ARE NO HIGHER AT THE END OF THE SEASON THAN 


THOSE CHIPPED ONCE A WEEK. 


YIELD OF TURPENTINE AND ROSIN. 


5 


The scrape was distilled the day following collection, but even in 


this case a comparison of the grades of rosin may be erroneous. 


At 


the time of distillation the price of turpentine was high, while the 
higher grades of rosin differed little in value, so that the quality of 
the rosin sometimes was sacrificed for a higher yield of turpentine. 


TaBLE 2.— Yield of crude gum, scrape, rosin, and turpentine from experimental plots. 


Plot. 


Standard chipping 


Double chipping. .| 3,049 


TABLE 3.— Yield of crude gum, scrape, rosin, and turpentine 


61, 062 |1,618 


42,687 |1,092 


gum. 


10, 652 
2) 860 
3, 600 
3, 405 
2; 550 
3, 668 
5, 439 


Rosin from 


f Tur- 
ae aa Rosin from 
scrape. | from crepe: 
scrape. 
Lbs. Gal. Lbs. | Grade. 
16,545 | 293| 3,633| N 
7164) M 
33098| K 
Piss 29 ee 14, 125 
14,515 | 235) 2,970] N 
37485 | M 
2070| K 
2,295| H 
_ SNR 8 11, 650 
13,615 | 209| 1,165| N 
10,497| M 
1 a 11,592 


59,874 


43, 766 


——— | es | ee fe | ee | CR OEE 


1, 853 


1,301 


each of the experimental plots. 


Plot. 


Standard chipping. . 


Narrow chipping. . .. 


Mopaleeeseees 
Double chipping. ... 


MOtae ssa 


per crop of 10,000 faces on 


Lbs. 


140, 003 


Rosin from 
gum, 
Lbs. | Grade 
31,951} WW 
11,205 | WG 
21,070 M 
4,037| K 
14, 279 T 
82,542 
21,067 | WW 
8364] WG 
10, 785 N 
9,345 M 
SHODTAlnG, 1 
12, 294 T 
70, 082 
34,936 | WW 
9,380] WG 
1128074)! Ni 
11,168| M 
8.363] K 
12, 030 T 
H 


17, 839 
105, 523 


c Tur- 
fel ree Rosin from 
scrape.| from Soe ge 
scrape. 
Lbs. Gal Lbs. | Grade. 
26, 936 477 \ 5,915 N 
11,664] M 
5,418] K 
oe LO Ie es LOS Felne 22, 997° 
21, 094 342 | 4,316 N 
5,065 | M 
4316] K 
3,234| H 
ARIES) St SEN IGE Pa 16, 931 
44, 654 685 | 3,821] N 
34, 198 M 
Sh a Pe Pa 38, 019 


Lbs. 
105, 539 


87,014 


143, 542 


2,693 


4, 267 
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In Table 4 the total quantities of turpentine and rosin obtained by 
narrow, double, and standard chipping are compared on a percentage 
basis. Double chipping increased the yields of turpentine and rosin 
30.9 per cent and 36 per cent, respectively. The greater increase in 
rosin is due to the heavy yield of scrape. The yields of turpentine 
and rosin were decreased 17.4 per cent and 17.5 per cent, respectively, 
by narrow chipping. It will be noted, however, that the narrow 
faces are only about one-half the height of the standard or double 
faces. The comparative heights of the faces are shown in Plates I 
and IT. 

In Table 5 the yields have been arranged with respect to the 
height of face, the widths of all the faces being practically identical. 
On this basis the narrow chipping produced about 40 per cent more 
turpentine and rosin than the standard. Narrow chipping, however, 
would not be practical in the light of present prices for labor and 
timber leases. 


TABLE 4.—Comoparison of the yrelds per crop by the various methods of chipping. 


Yield of | Compared ze Compared 
Plot. turpen- | with “ieloes with 


tine. | standard. standard. 
Gallons. | Percent. Pounds. Per cent. 
Standardichippin gene. sees mee Ra Lae 3, 260 | 100 105, 539 100 
Na@rrowiChi ppl eee ogee anno RM HUD Se tee 2, 693 | 82.6 87,014 82.5 
DOU 16 Chil po irra eben a a a NUL ee 4, 267 | 130.9 143, 542 136 


EFFECT OF DOUBLE CHIPPING ON THE TREES. 


The effect that double chipping will have upon the timber during 
subsequent years of operation must be considered. The same trees 
will be tapped during the coming season, and until the additional 
data are available the advisability of using the method over a period 
of years must remain in doubt. Some data in regard to the severity 
of the several methods, however, will be found in Table 2. By far 
the greater number of faces recorded in this table, especially those 
that had lost from 0 to } the season, were ‘‘dry”’ faces. This con- 
dition has been the result of old or “‘doty” timber or the direct 
result of turpentining. In the standard chipping a total of 235 
faces, or 38.3 per thousand, were affected. The narrow chipping 
contained 223 injured faces, or 32.4 per thousand, while the double 
chipping contained 165, or 54 per thousand. 

This would seem to indicate that double chipping is the severest 
and narrow chipping the least so. However, in the second part of 
Table-1, it will be noted that in the standard chipping there were 
32 faces on trees that had died for no apparent reasons, equivalent 
to 5.2 faces per thousand. For the narrow and double chipping the 
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figures are 2.8 and 2.9 per thousand, respectively. These trees may 
have died from tapping or from natural causes. If the dead faces 
were the result of turpentining, it would indicate that standard 
chipping was hardest on the timber, the double next, and the narrow 
easiest. It is logical to assume, however, that double chipping 
would be severer than the standard. Since most of the trees died 
early in the season, it is probable that method of chipping had little 
effect. 


TABLE 5.—Comparative yields per crop with respect to height of face. 


Turpentine. Rosin. 
i. A-ver- 
. um- | age | 
Plot. Helene ber of | height Per Pe 


r 
streaks. of Total | inch 3 Total inch 
streak. | yield. Gi mencrease: yield. of 
height. height. 


Increase. 


Inches. |Gallons.|Gallons.| Per cent. | Pounds. |Pownds.| Per cent. 
5) 1 


Standard......:...-.-- 95 38| 0.58 | 3,260 ay Oe 105539) | 14,808 | oe 
Narrow!... 38| .34| 2,693] 209 41.2)| 87,014 | 6.771 | 40.8 
Double1..:. 70|. +34 | 4,267| 180 21.6 | 143,542 | 6,064 26.1 


1 The narrow and double areas had four standard streaks before the experiment started. The height 
of the four streaks averaged 2.75 inches from 25 measurements. With this allowance, the streaks on the 
narrow and double areas averaged 0.30 and 0.32 inch, respectively. The corrected height for the double 
face is 22.20inches and for the narrow face 11.38 inches. 


PRACTICABILITY OF DOUBLE CHIPPING. 


Tn the experiments the double chipping was done on exact schedule. 
Certain trees were chipped always on prescribed days of the week, 
except in a few instances when weather interfered. It is very 
improbable that an exact schedule could be maintained on a 50-crop 
place, but for practical purposes this would not be necessary. In 
the experiment the number of faces for double chipping was made 
small enough for the chipper to cover the ground easily on scheduled 
time. In practice each chipper would have about 4,000 faces. 
Since few chippers can handle more than this number in three days, 
it is improbable that the second streak would be applied too soon. 
It is expected that a streak would be missed occasionally, as this 
frequently happens with the present method of chipping. The idea 
is not to have a rigid schedule impossible to follow, but so far as 
possible to make two streaks per week where the old method requires 
one, these two streaks not to increase the height of the face more 
than the one standard streak. In every case, however, at least 
three days should elapse between streaks. 

The chief problem would be to find a sufficient number of chippers. 
The smaller streak is not difficult to cut. More care is required in 
making it, but less effort is required to drive the hack through the 
wood. Standard No. 0 or No. 00 hacks were found to give the best 
results. 
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TABLE 6.— Monthly rainfall and temperature during the season of 1916 at Columbia, Miss. 


Sep- 
Rainfall and temperature. March.}| April. | May. | June. | July. ae eu Octo- 
Y gust. TWoP. ber. 
Mean rainfall at Columbia-.-.-inches..} 5.20 3.83 | 12.44 1. 64 9. 25 2. 54 2.28 2.33 
Departure from normal at Colum- 

Lae oie tare alate aiateeateret ane rie inches..| —.19 | —2.24 | +5.65 | —3.21 | +3.12 | —1.63 | —3.48 —.17 
Mean temperature for Columbia..°F..| 60.2 64.8 75.3 80. 2 82.6 82.5 75.6 65.4 
Mean temperature for the State for a 

period of over 10 years........- TLS als Yer} 64.3 G39 78.7 80.9 80.8 75.9 64.0 


The above data show that the season can not be considered as unusual in regard to either rainfall or 
temperature. 


RETURNS FROM DOUBLE CHIPPING IN DOLLARS AND CENTS. 


During the season of 1916 the price of turpentine varied from 36 
to 50 cents per gallon, Savannah quotations. During the greater 
portion of the season turpentine was quoted at more than 40 cents, 
but at the still it sold at Savannah quotations, less freight rates to 
this market. For the purposes of this report, 40 cents per gallon 
will be taken as the average price of turpentine for 1916. 

Very little difference in price existed between the various grades 
of rosin during the season of 1916. Water-white and window-glass 
rosins were produced almost exclusively up to August 1, the prices 
ranging from $5.10 to $6.60 for WG and $5.20 to $6.90 for WW. 
After August 1, F, the lowest grade of rosin produced on the place, 
sold at from $6 to $6.35. In order to make a conservative estimate 
of the added returns, the average price of rosin at the still was 
assumed to be $5 per barrel. 

Upon this basis the increased yield from double chipping would 
show the following excess value per crop: 


1,007 gallons increase in turpentine, at 40 cents per gallon. .....---.------ $402. 80 
38,003 pounds increase in rosin, at $5 per barrel of 280 pounds.........-.-- 678. 50 
Moral Mpe eee pi os homie e.My tees Un nal 1, 081.30 


From this amount should be subtracted the extra cost of operating 
under the new method. Besides the actual cost of the extra streaks, 
other expenses are entailed. On a 50-crop place it will be necessary 
to maintain from 55 to 60 extra men, requiring about 35 extra houses 
at $150 each. Against the houses must be charged interest on the 
investment and a depreciation of about 30 per cent. There would 
also be needed an extra woodman at $900 per year, and an extra 
“stiller” with a crew of four, requiring an expenditure of about $2,000 
per year. Numerous additional minor expenses will be found listed 
in Table 7, in which the extra charges have been reduced to the one- 
crop basis. 
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These figures show that double chipping will 3 increase the net 
profits per crop by about $450. 


inencacenrommadditionalydeld: So 200 2.00... Cue oh AE BA es ‘$1, 081. 30 
i xanameOcOr Using Mew, method ...-...__- Mee ee 631. 60 
INGA pu SS SA RE. 22) Sle AA RA aa 449.70 


At present prices the total net gain from a 50-crop place would be 
about $22,000. 

Many of the large lumber companies tap their timber from two to 
three years before cutting. Frequently turpentining is barely a 
year ahead of cutting. It is in these cases that double chipping 
should be especially advantageous. 


TasiE 7.—Added cost per crop of double chipping as conducted on the experimental area. 


Number | Number Cost per | Cost per Bec 
Item. on on Price. | crop on | crop on ae a 
double. | single. double. |standard. d oubI 6. 
hippies see ep ec icles cisco steicisreiess be 70 38 | 199.00) $630.00 | $342.00 $288. 00 
Dipping....... 334 248 2, 4G 133. 60 99. 20 34. 40 
Hauling gum.. dome. 334 248 2.50 167. 00 124. 00 43.00 
SCHAUER sei cee ce meciseeecceee = Seti 149 90 2,40 59. 60 36.90 23.60 
Hauling scrape Sone 149 90 2.50 74. 50 45.00 29. 50 
ROSH codec SUS RC ORS aa ne ens A erRae 298 220 2,75 223. 50 165.00 | 58.50 
Interest and depreciation on extra houses, 

[DEP GRO Doda s cased oaciee eee tae aera rey te ea RMR) acs ai haear TLONOO Paez waa ese einS ooee 28. 60 
Extra help A Sine on oaeaoseanee (Del? WEE clleaseecaeaclecosoccoca 2EOOOR OO IU Aue cial teas 40. 00 
Cost of extra woodsman............ Ones. oc SOOR OO; Eee re ao: esau ase. 18. 00 
El GNGHIE) UBIO Sos dcop cae Ce eS BAS ae Dei ae ee eae esteem | ov Boies ae Sea Nee eS ee 3.00 
4 extra dip barrels..........--.- (XR (GN Oya Soaseceeeeloosccoddes ZG sie eae med nil ne eo 10. 00 
PERG CIMUIM UIA Oye eget ice ep te a ARI CO 2 SS RR ae a eal 25. 00 20. 00 5.00 
Miscellaneous extras such as marketing,etc.|..........|..........]........../..........|.--------- 50. 00 

TROT ed o pCa NSERC CT Se SIE SEIS ro ct ge Fy a BA a eeeeeeseec 631.60 
1 Per streak. 2 Per barrel. 
SUMMARY. 


1. Double chipping produced, in the first year’s operation, 31 per 
cent more turpentine and 36 per cent more rosin than standard chip- 
ping. The height of the face at the end of the season was approxi- 
mately the same as that of the standard face. 

2. The net gain from double chipping was about $450 per crop. 

3. Narrow chipping produced 17.5 per cent less turpentine and 
rosin than standard chipping; the faces were only one-half as high as 
the standard at the end of the season. 
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SITUATION WITH RESPECT TO ARSENIC IN HOPS. 


At times the detection of minute traces of arsenic in shipments of 
American hops exported to foreign countries has led to their rejection 
by prospective purchasers. The loss sustained in such cases is 
borne by the exporter; consequently American growers, who sell as a 
rule to local buyers only, do not realize fully the extent to which the 
salability of American hops on foreign markets may be affected 
unfavorably by an occasional contaminated shipment. 

The profitableness of hop production in the United States is deter- 
mined practically by the extent of the foreign demand for the crop 
surplus in excess of the requirements for domestic consumption. 
Any impairment of the quality of American hops, whether definitely 
proved or only suspected by foreign consumers, lessens the chances 
for marketing the surplus at reasonable prices and eventually reacts 
upon the grower in a lower price for his product. Although the 
probability of any damage to the public health from arsenic com- 
municated by hops to ale or beer seems very remote, nevertheless the 
minute quantity of arsenic permissible in hops under some foreign 
standards of purity lays the grower under obligation to use every 
reasonable precaution to avoid all possible sources of contamination. 

In a bulletin published in 1908 by the Bureau of Plant Industry, 
impure sulphur was suggested as the source of the traces of arsenic 


1Stockberger, W. W. The sources of arsenic in certain samples of dried hops. Jn U.S. Dept. Agr., 
Bur. Plant Indus. Bul. 121, p. 41-46. 1908. 


101097°—Bull. 568—17 


2 BULLETIN 568, U. S. DEPARFMENT OF AGRICULTURE. 


occasionally found in American hops, and hop growers and handlers 
were urged to avoid the use of sulphur which could contaminate the 
hops in the process of drying and curing. Following this publication 
some hop growers made an effort to secure arsenic-free sulphur, but 
most of the growers on the Pacific coast contmued to use impure 
sulphur, with the result that each year hops contaminated with 
arsenic have found their way into foreign markets. In the hops 
produced in the crop year 1914 the quantity of arsenic present was in 
many cases so much larger than usual that some English consumers 
brought the matter informally to the attention of the Bureau of 
Plant Industry and expressed the hope that American hop growers 
could be made to realize the seriousness of the situation from the 
standpoint of the foreign purchaser. 

From an inquiry made among the hop growers of the Pacific coast 
it appeared that the sulphur in common use for bleaching hops was 
generally regarded either as free from arsenic or as containing this 
element in quantities so small that no injury would result from 
its use. The soil, commercial fertilizers, and materials used in 
spraying, rather than the sulphur, were all suggested as prob- 
able sources of the arsenic in hops, but on account of the prevailmg 
uncertainty as to its real source little progress apparently was made 
in the production of hops of a quality more acceptable to the foreign 
trade. The reliability of the methods used for the determination of 
small quantities of arsenic in hops and similar materials was questioned 
by some who had given careful consideration to the subject. There- 
fore, the Bureau of Plant Industry and the Bureau of Chemistry 
undertook a joint investigation in order to establish definitely the 
source of the contamination of the hops. The field vestigation and 
the collection of samples were made by the representative of the 
Bureau of Plant Industry, while the study of methods of analysis and 
the analyses of the samples collected were made in the Bureau of 
Chemistry. 


COLLECTION OF MATERIALS FOR EXAMINATION. 


The hop-producing sections of Oregon were visited during the hop 
harvest of 1915, and a carefully selected series of samples of both 
hops and sulphur was obtained. Definite information was in hand 
regarding the origin of certain bales of hops of the crop of 1914 which 
had been rejected by English purchasers, and it was therefore possi- 
ble to locate the particular fields on which the hops m many of these 
bales were produced. It was possible also in some cases to locate 
and examine the kilns in which some of the rejected hops were dried 
and to secure samples of the sulphur used in their preparation. 

Composite samples of hops from several fields were secured by 
taking a few hops from each of a number of vines in a field. These 
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samples were collected just before the crop was picked and were 
dried carefully in the open air, thus avoiding any possible chance of 
contamination from the sulphur. For comparison with the field 
samples thus prepared, samples of the hops from these fields, as well 
as samples of the sulphur used to bleach them, were taken at the kilns. 
Samples of kiln-dried hops and, when casei samples of the sulphur 
used in bleaching them, were le secured from several widely sepa- 
rated localities. The eile on which these hops were produced varied 
from the alluvial sandy loam along the river to the clay loam of the 
uplands and represented practically all the soil types orchman by 
used for the production of hops. 

Some samples of Huggle, an early variety, also were collected for 
comparison as to arsenic content with the later variety known as 
Cluster or English Cluster. 


ANALYSIS OF MATERIALS. 


Arsenic was determined by the modified Gutzeit method, following 
in general the procedure outlined by C. R. Smith. A discussion of 
the method and of the reasons for adopting the exact details followed 
in this werk will be published elsewhere.? The hops were treated with 
nitric and sulphuric acids to destroy organic.matter. The sulphur 
was treated with bromm and the arsenic separated from the sul- 
phur bromid by extraction with bromim water. In all cases arsenic 
was precipitated as ammonium magnesium arsenate by adding mi- 
crocosmic salt, magnesia mixture, and ammonia. The precipitate of 
phosphate and arsenate was dissolved in sulphuric or hydrochloric 
acid, the arsenic reduced by stannous chlorid, and arsin generated 
by the use of zinc. The arsin was allowed to pass over a strip of 
paper contaming mercuric bromid, making a brown stain, the length 
of which depended upon the quantity of arsenic in the sample. 
When large quantities of arsenic were present the arsin was passed 
into a solution of mercuric chlorid; the precipitated mercurous 
ehlorid was filtered on ignited asbestos in a Gooch crucible, dried, and 
weighed. 

RESULTS OF ANALYSES. 


The results of the analyses of the field samples, dried in the sun 
without contact with sulphur fumes, are given in Table I. Although 
these samples came from widely separated yards end represented two 
varieties of hops, little difference is shown in their arsenic content, 
which is uniformly small. The analysis of samples 176, 201, and 202, 


1Smith,C.R. The determination ofarsenic. U.S. Dept. Agr., Bur. Chem. Cir.102,12p., 2fig. 1912. 

2 Collins, W. D. C. R. Smith’s method for the determination of arsenic (with special reference to the 
determination of arsenic in hopsand in sulphur). Presented at the meeting of the Assoc. Off. Agr. 
Chem., Nov. 20-22, 1916. (To be published in Jour. Assoc. Off. Agr. Chem.) 

3 Smith, W. Estimation ofselenium in sulfur. Jn Jour. Indus. and Engin. Chem., v. 7, no. 10, p. 849- 
$50. 1915. 
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which were of the Fuggle variety, do not differ essentially from those 
of the remaining samples, which were of the English Cluster variety. 

Samples 178 and 186, taken from yards which were not sprayed, 
showed practically the same quantity of arsenic as the samples from 
yards sprayed with a solution of whale-oil soap and quassia. 

The quantities of arsenic found in the unsulphured samples were 
far below the limit of 0.01 grain per pound (1.4 parts per million) set 
in England by the Royal Commission on Arsenical Poisoning. 


TABLE I.— Arsenic in sun-dried unsulphured hops grown ct Independence, Oreg., in 1915. 


Yours 1 Arsenic as As2Q3 N Arsenic as AsoO3 

No. | Source of sample. (part per million). | No. Source of sample. (part per million). 
| = 2 

176 | Wan do Agee easis. == 0.2 196) | ardG:- =.) see 0.2 

Mite eoeee! DOr esse eaeer. Y . 2 1.99))| cY¥iargueie Lt. -- 4 seeaee 2 

ISO eYVaT OB peerse eae <2 .2 200 aVard lees 500. See 1 

IESE Dyn as OS <2 sala eet 5 i PAV sre dotae:- 5.2.anee 1 

1S6 | arc eb) epee ee oil 

Iey APA teGlIas 256) con aae oil Average.....-- 16 

LOAN Warde heeees ses a=. - 58 


The quantities of arsenic found in samples of sulphured hops are 
given in Table II. Where possible, samples of the sulphur used in 
curing these hops were collected and analyzed. The results of these 
analyses also are given in Table II. 

Of the 26 samples of kiln-dried hops only four, of which two were 
duplicates, contained less than 1 part of arsenic per million parts of 
hops. The average results show that whereas unsulphured hops 
contain no appreciable quantity of arsenic, hops which were treated. 
with fumes from sulphur having about 100 parts of arsenic (As,O,) 
per million contained about 3 or 4 parts of arsenic per million parts 
of hops. 

On account of the irregularity of distribution of arsenic in the 
sulphur, it is not possible to bg sure that any sample of hops was 
treated with sulphur of exactly the composition of the sample taken 
to represent the sulphur. The quantity of sulphur used is also 
variable, ranging from 1 to 4 pounds of sulphur for 25 pounds of 
dried hops. Notwithstanding all these chances for disagreement, 
the results in Table II show in general a relation between the 
quantities of arsenic in the hops and in the sulphur used in curing. 
The quantities of arsenic in the hops average about 3 or 4 per cent 
of the quantity in the sulphur used in curing. On this basis sulphur 
containing 25 or 30 parts of arsenic per milion would on the average 
contaminate hops with about 1 part of arsenic per million parts 
of hops. If the arsenic is unevenly distributed through the sul- 
phur it is possible that some samples of hops might contain much 
more arsenic than the quantity which would correspond to the arsenic 
in the sulphur. 
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Tape II.—Arsenic in kiln-dried hops and in sulphur used in curing certain lots of hops 
grown in Oregon in 1915. 


Arsenic as || Arsenic as 
Source of sample. rac ee Source of sample. mane ee ts 
million). million). 
No. No 
In on In He 
Place. Yard, etc. the | . Place. Yard, etc. the ant 
hops.|_ $= INOpSH Wes ese 
phur. =" |phur. 
195 | Independence.| Yard G......... 0. 4 20 || 208 | Brooks. 
229) 25: do.. ..| Yard G\dupli- .|f 6.6 20 || 205 Springfield. - 
Bos | 5 eee do MardiGficabess =A\\iil. |. ey 210) | Seee do 
HOS) I. Les do Yard ----| 5.2] 116 || 206 Harrisburg. - 
SO} ee do Yard K 3.8) 356) ||) 209) Ee es- 0) 
PANN OE ae do NamrGlyy SB Sbeales TAOS sean Pe We cece do. 
PMN oe do Zar. Gave 6.1 SY) OH || Aono). - cosecellsesoocoe keke aeee 
228) ae ose Yard dupli- |f 1.3 |....-- 214 Donald 
232))| 2222 GOs saccose|) NENCLINI | CRESS Ny eA ees Se 2G t|Beeee 
230) eee GOS Ras Yard O\ dupli- { 1.9 20 || 218 | St. peal Rf. MN oR Tet 
Aull. oe Goss s | ward) Ofmeateses |i) 1:9) |22. 2-2 DOA ave Temata es | ma Sa aE SIE I 
23 | acee- GOs ee Yard P\ dupli- Aer dal eet DOS VME cirallcss navies 2 2) MDE UN ade Se 
2308|e eee CO: cccousel, WerRCL IE, Casein) 62) ae ae 
204 | Brooks........ BVA vAGH I)! Uh) ALO) sehen! PAV OT ALE _||-/ sme Is ene S.CB} llecoece 


Analyses of all the samples of sulphur collected are given in Table 
III. With a few exceptions these samples were taken from the hop 
yards and are representative of the sulphur used in curmg the crop 
of 1915. Threesamples of sulphur used in curing the crop of 1914 and 
two commercial samples aiso are included. 

The quantity of sulphur on hand at the hop kilns el from a 
few hundred pounds to several tons. As a rule, the individual lots 
were far from uniform in appearance, and in many cases several 
different kinds of sulphur seemed to be present. Some pieces were of a 
bright lemon-yellow color and others of various shadesoforange. Some 
pieces were hard and glasslike; others appeared more crystalline and 
crumbled readily, while some pieces were porous, resembling pumice 
in appearance. In most of the lots the sulphur consisted of pieces 
of different sizes, from lumps 6 or 8 inches across down to a fine 
powder. This made sampling difficult, but the agreement between 
the values obtained for samples 181 and 200, which were taken to 
represent the sulphur in one lot, indicates that the samples were rep- 
resentative of the various lots at the time of sampling. 


TasLe IIl.— Arsenic in sulphur used for curing hops grown in Oregon in 1915. 


Source of sample. Arsenic Source of sample. Arsenic 
i as As,O3 as As ,O3 
Ne: (parts per || N°- (parts per 
Place. Yard, etc. million). Place. Yard, ete. million). 

| 
| 

182 | Independence...| Yard B......... 64 SUS iBAIROT As eye ss aL) aR Te ek ee 115 

ROPE). 3 O.....-.-.--| Yard F (1915)... 197 215 | Donald.......:.-| Yard A...-..-.. 90 

LOA asec Cs See Yard F (1914)... 170 PD Nos ais Clo Nae MarndyBeias ooo 123 

TOU 2 cise COE ALI SESEE PE Maer LOL ask 2 ae 116 PAL) |) (Siig erynl Le Ome 2 i eee ew 116 
WAG) |=) - s/s One ee as Yard K (1915)... 66 220 |} Brooks.....--.-.-- VWanrdubeasseeeee 4.4 

SINE ee GOonseeeee nee) wand! Ke 356 222 | Suver.. BRE | 2) ES OE as 76 

1914)(dupli- DOG HBariccemee yest) (MRA 188 

200 }...-. do........-..| Yard K{ cates. 329 190 | Independence. ..| Commercial 

(1914) sample.....---. 3.6 
P01 0 ate MOeeass 2222s aardeMiae: ote ee B 35 227 | Portland..-....-. Dealer’s sample. 7.1 
TOS ese o LOM ei viandhOeeee cea. 20 ———— 
L8f8) |lSepoc do Mardvhe eee see 141 ASV OTAGO LN. |) Re: hive. Ase 116.7 
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From two samples of sulphur several pieces of different appearance 
were picked out, ground, and analyzed for arsenic. with the results 
given in Table IV. 


TaBLE IV.—Arsenic in different pieces of sulphur from the same field sample. 


hem ATsENIC th Arsenic 

+ ub- as As,O3 Sub- as As.O: 

No. sample! Appearance. (parts per No. sample. Appearance. (parts per 
million). } million). 

179 1 | Greenish yellow. .....-.- 10 || iss 3 | Lemon yellow, largely | 

179 2 | Slightly orange, porous. . 270 || crystalline. __.. 2 2252! 160 

17 3 | More orange than sub- || 188 4 Orange, vitreous. ......-- 150 

samploi2h saepeees-- =e 160 || 188 5 | Lemon’ yellow, crystal- 

179 4 | Average of thesample... 66 |) line: . {572.55 eee 50 

188 1 | Average color.....--...-- 35 || 188 6 | Orange, Vitreous.......--| 450 

188 OT aes domain Bee yee! 80 || 188 75 | eee do. 2 ee 300 


After a small part of sample 179 had been removed in subsamples 
1, 2, and 3, the remainder was ground and used as an average sample 
of 179 in the same way in which the other samples of sulphur were 
used. It is believed that the average value of 66 parts per mulion is 
not appreciably different from that which would be obtained for the 
arsenic in sample 179 if no subsamples had been removed. So many 
subsamples of sample 188 were taken that it was not possible to obtain 
an average value of this sample. 

The results of analyses of the subsamples of sample 179 mdicate 
that with sulphur taken from a lot contaiming on the average 66 
parts of arsenic per million, one kiln of hops might be treated with 
fumes from sulphur containing 270 parts of arsenic per million, while 
the next treatment might be with sulphur containing only 10. parts 
of arsenic per million. 

Since only a small quantity of sulphur is burned at one time in 
curing hops, it is very probable that the sulphur used on a particular 
kiln of hops will not contain the same quantity of arsenic as an 
average sample of the sulphur on hand. 

The results-for the subsamples of samp-e 188 show irregwarity of 
distribution of arsenic much like that in sample 179. The relation 
between the arsenic in sulphur and in the hops for which the sul- 
phur is used can not be very definite. No uniform quantity of sul- 
phur is used for a given quantity of hops; the arsenic is not uni- 
formly distributed through the hops in the kiln at one time and the 
arsenic is not uniformly distributed through the sulphur. 

The analyses of samples 190, 220, and 227 show that su.phur can 
be obtained which is practically free from arsenic. The analyses of 
samples of hops cured with sulphur containing very little arsenic 
indicate that hops may be cured with sulphur contaiming as much as 
10 parts of arsenic per million without becoming contaminated with 
more than 0.5 part of arsenic per million parts of hops. 
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CONCLUSIONS. 


~The work here reported shows that sun-dried hops collected from 
various yards in Oregon in 1915 contained practically no arsenic. 

The spraying materials in general use, such as solutions of whale- 
oil soap and quassia or nicotin sulphate are not to be held respon- 
sible for the contamination of hops with arsenic. 

The sulphur im use in 1914 and 1915 was generally contaminated 
with arsenic, many samples containing over 100 parts of arsenic as 
As,O, in 1,000,000 parts of sulphur. When such sulphur is used in 
curing hops, the hops may contain three or four parts of arsenic per 
million parts of hops. | 

Little, if any, doubt remains that impure sulphur alone is respon- 
sible for the contamination of hops with appreciable quantities of 
arsenic. — 
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THE SANITARY CONTROL OF TOMATO-CANNING 
FACTORIES. 


By Burton J. Howarp, Microscopist in Charge, in collaboration with CHARLES 
H. STEPHENSON, Scientific Assistant, Microchemical Laboratory. 
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INTRODUCTION. 


Marked changes in machinery and methods for the manufacture of 
food products have been made in the last 6 or 8 years under the 
stimulus of Federal and State pure food and sanitary laws. The 
manufacturer has come to appreciate the need for more sanitary 
methods. Certain individuals, firms, and corporations, of their own 
initiative, have blazed a path out of questionable or unsanitary sur- 
roundings in advance of Federal or State laws imposing such re- 
forms. Much credit is due manufacturers of this type who are willing 
to improve their methods of manufacture regardless of the existence 
or nonexistence of laws making such improvements imperative. At 
the other extreme is that small class of manufacturers who are in- 
different to the character of their product, either from the standpoint / 
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of sanitation or from that of quality, as long as their product can be 
disposed of at a financial profit. 

Between these two extreme types of manufacturers, one of which 
is alert and active in seeking constantly to improve conditions, and 
the other of which is devoid of care or interest in the business beyond 
the financial profit obtainable, there is a third and much larger class. 
This class comprises those men who are willing to make improve- 
ments in keeping with sound, sanitary practice, but whose experience, 
because of the purely commercial aspects of their business, has given 
them no opportunity personally to study the sanitary problems of 
their factories and to apply the information gained in a practical 
manner. In other words, many manufacturers are deterred from 
making improvements because of lack of knowledge either of the 
fundamental reasons for such improvements or of how to proceed. 

The willingness of this class of manufacturers to make improve- 
ments, however, has rendered possible the great changes that have 
taken place in recent years in mechanical contrivances for cleaning 
and handling the various products used in the manufacture of foods. 
This progress is especially well illustrated in the tomato industry. 
For example, only a few years ago the sorting of tomatoes in the 
manufacture of ketchup and pulp was very uncommon, while to-day 
very few manufacturers do not at least profess to observe this step, 
however ineffectively the process sometimes may be performed. Vari- 
ous forms of tables and machines have been devised to assist in this 
important step of manufacture. Many forms of tomato-washing 
machines found in common use 6 or 7 years ago have become so 
obsolete that they are being consigned rapidly to the scrap heap as 
inadequate to meet present-day requirements. Processes, such as the 
“ oravity system” of draining off the watery juice from pulp which 
was so very largely practiced less than 10 years ago, have been dis- 
carded by firms that are trying to keep abreast of their fellow manu- 
facturers in matters of sanitation and quality. The custom of storing 
in barrels—general a few years ago—has now practically disappeared, 
except for the poorest grades of products. The barrel has been re- 
placed by the 5 or 6 gallon tin can. The writer recalls having seen 
at one plant thousands of barrels in one lot being offered for sale 
because the firm had no further use for them, as it had adopted the 
more satisfactory system of storing its product in cans. 

The manufacture of sanitary food products is too broad a problem 
to be covered in one publication. In the present bulletin the discus- 
sion will be limited to those conditions which apply particularly to 
tomato-canning factories. It is proposed to discuss some of the more 
important points concerning sanitary control of plants of this kind 
in a rather elementary manner and to avoid technicalities as far as 
possible. 
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CONDITIONS OBSERVED IN SEVERAL TOMATO-CANNING 
FACTORIES. 

Criteria of cleanliness are involved in the question of what con- 
stitutes a sanitary plant or product. Under the Food and Drugs Act, 
June 30, 1906, the Federal Government has no power to enforce sani- 
tary rules except as it may prohibit the entrance into interstate com- 
merce of products which are filthy, decomposed, or putrid.t’ Direct 
control over the factories themselves is wholly within the jurisdiction 
of the several States; the Federal Government can serve only in an 
advisory capacity. Various States have sanitary regulations, but in 
formulating them general terms must be used. Hence, in applying 
these regulations to specific cases considerable difference of opinion 
may appear because of the variation in training or experience of 
those making the inspection. It is easier to direct that ‘“ products 
shall be made in a sanitary manner” than to explain in concrete 
terms what is meant by these words. Therefore, it seems appropriate 
to tell of the conditions found in a few factories and what was done 
to correct them. These examples are cited not because they represent 
the average condition of tomato-canning factories throughout the 
country but because they illustrate conditions in a rather large class 
of establishments where the superintendents are sincere in consider- 
ing their plants satisfactory when, as a matter of fact, their factories 
may be seriously deficient in some particulars. 

At hearings held in connection with the enforcement of the Federal 
Food and Drugs Act it has occurred repeatedly that the manufac- 
turers concerned have claimed that their products were made under 
absolutely sanitary conditions. Obviously, it is rarely possible to 
verify such statements by inspection, principally because the season 
when the goods were packed has already passed and the factory is 
more or less dismantled. Usually it is of little value to visit a plant 
in the out-of-season periods of the year if a study of sanitation under 
working conditions is desired. Such claims on the part of the manu- 
facturers usually may be considered as candid and honest expressions 
of opinion, but field work has shown that lack of experience in mat- 
_ters of sanitation may produce very erroneous conclusions. 


Factory No. 1. 


About the middle of a recent tomato-packing season the following 
letter from a manufacturer of tomato products was received by the 
Bureau of Chemistry: 

We wish to call your personal attention to a condition that is existing in the 


tomato-ketchup business as regards our own plant and, as we believe, the 
Same condition exists in many other plants. 


1 For the views of various Federal courts upon what constitutes a filthy, decomposed, 
or putrid product see Notices of Judgment 544, 649, 825, 873, 1693, 3372, 3400, and 
4036 ; also National Canners Asso. Bul. 38, Jan. 20, 1917, Washington, D. C. 
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We are getting from the farmer a high-grade tomato, one that is perfectly 
sound and ripe. We are trimming our tomatoes very carefully and washing 
them in three different waters. 

Reports from our chemist * * * showed our earlier run to be: 


Mold. Yeast and spores. Bacteria. 
In 7 per cent of fields..-} 6 in 1/60cemm....._. 10,500,000 per cc. 
In 9 per cent of fields...| 7in 1/60cmm......- 9,500,000 per cc. 


Since then it has been gradually increasing until our last report shows the 
following: 


28 in 1/60emm...... 


52 per cent of fields. - -- - 
28 in 1/60 cmm...... 


44 per cent of fields. -.-.- 24,000,000 per cc. 


21,000,000 per cc. | 


It is absolutely impossible for any human being and under any conditions to 
take tomatoes and manufacture a ketchup any more cleanly, any freer from 
mold or bacteria than the ketchup we are producing. There isn’t a ketchup 
factory in the United States more cleanly or sanitary than ours. We are 
satisfied that this mold, yeast and spores, and bacteria is in the tomato in its 
healthy condition, that is, in perfectly sound tomatoes. 

We know no one would condemn these tomatoes as being unfit for food. 
We are endeavoring to comply with the food law standard that has been estab- 
lished on tomato ketchup, but we can not go out of business simply because 
these standards have been made without due knowledge of the real chemical 
analysis of a perfectly sound, fresh tomato under all conditions, and when the 
raw product brought from the farmers is delivered to our plant and handled 
in a perfectly sound, clean, wholesome condition, we can not understand why 
our goods, which are strictly high-grade and pure, should be condemned by the 
Department of Agriculture under conditions of this kind. 

We will very much appreciate if you will wire us just what to do. Also 
that you would have one of your representatives at our plant as quickly as 
he can get here, as we feel that we are entitled to the services of one of your 
personal representatives, as we know that our goods are right. 

We know that they can not be manufactured under any more cleanly con- 
ditions than we are carrying out. We are therefore willing and entitled to 
make a stand on this, believing that the Agriculture Department will recog- 
nize the condition and protect us against any results that might come from 
our goods being picked up by food inspectors among our customers after they 
have left our warehouse. 

Thanking you, and trusting that you will give this your immediate attention, 
we are, 

Yours very truly, 


The appeal in the letter enlisted the interest of the bureau and 
produced a desire for a careful investigation of the conditions com- 
plained of. Accordingly, the senior writer made a visit to the plant. 
It was the only factory in a small country town of about 100 inhabi- 
tants. Most of the employees, both men and women, came from the 
surrounding rural district. A stay of several days was made at 
the plant and various tests were conducted. 
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Examination of the sorted tomato stock showed that although at 
times it was not above criticism, poor sorting probably was not the 
main source of the trouble. The irregularity of sorting might have 
been due in part to the poor lighting of the sorting table. Observa- 
tion of the method of cleaning the equipment at the end of the day’s 
run, however, showed that the various parts of the washers, con- 
veyors, cyclones, and pulp tanks were being only superficially cleaned. 
By reason of the method of construction or of the inaccessible loca- 
tion of the general equipment, some of its parts contained accumula- 
tions of tomato material fairly teeming with microorganisms. 

Three cyclones were in use in this factory. The pulp tanks of two 
of these cyclones were connected with that of the third by means of 
wooden pipes. Examination of the inside of these pipes showed a 
thick growth which was so heavy in molds as to give a count of 100 
per cent of the fields even after diluting 18 times. It was swarming 
with bacteria and yeasts and had an offensive, fetid odor. A count of 
bacteria gave over a billion per cubic centimeter. In other parts of 
the equipment the bacterial count went to a billion and a half and 
nematode worms were found in numbers as high as 1,080 per cubic 
centimeter. Yeasts and spores were present in numbers up to 4,000 
per 1/60 cubic millimeter. Examination under the microscope of a 
portion of the slimy coating showed it to be largely a mold growth 
with a mass of tomato débris and quantities of bacteria. Plate I 
shows photomicrographs of the mold. A specimen of it was iden- 
tified ? as composed largely of a type of mold called Oidiwm lactis. 
When grown under such conditions as found in this factory it as- 
sumes an elongated, feathery form which is quite distinctive in ap- 
pearance from that of the mold which grows on tomatoes. 

In the examination of some samples of tomato products this 
characteristic type of growth has been of practical use in indicating 
the existence of foul or dirty factory conditions. 

Inspection of the cleaning equipment of the factory showed that 
it was entirely inadequate. Too great reliance was being placed in 
the supposed efficiency of the steam hose, and there was lack of other 
proper cleaning apparatus. The cleaning process also was made 
more difficult because rough lumber had been used for flights on con- 
veyors, for paddles of the cyclones, and in other places. In addition 
to these difficulties some of the corners were inaccessible and poorly 
constructed. After suitable cleaning utensils were obtained and cer- 
tain changes made to facilitate the cleaning operation for the work- 

1 Under proper factory conditions it is possible to maintain the following maximum 
counts: Mold in 25 per cent of the microscopic fields; yeasts and spores per 1/60 cubic 
millimeter, 25; bacteria per cubic centimeter, 25,000,000. (See U. S. Dept. Agr., Bur. 


Chem. Circ. 68, Tomato Ketchup under the Microscope, pp. 4, 5, 6.) 
2By Dr. Charles Thom, Bureau of Chemistry. 
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men the high count was immediately lowered and remained low dur- 
ing the rest of the visit. 

Tests of the ketchup manufactured by this factory were made 
periodically during the stay and were distributed over 8 days. 
The first four tests were made prior to the general cleanup. The 
sample used in the fifth test was taken from the first batch of ketchup 
made after the cleaning was completed. About one-third of the 
molds in this sample were distinctly of the form which indicates 
dirty apparatus. They were the filaments dislodged during the 
cleaning process which had not been fully rinsed out during the wash- 
ing and hence were carried over in the first kettleful of the product. 
The last four tests were made during the next three days. 


Taste 1.—WMicroscopical examination of tomato ketchup before and after the 
installation of adequate cleaning equipment and methods. 


Bacteria; Yeasts and 

Tete Percent of million per | spores per 

: with molds. | Cubiccenti-) 1/60 cubic 

; meter. millimeter. 
1 es ea ap ai ee ea fa SNL et ae en Re) SG See 45 40 65 
Sea Re aN ete ogee oh apache ee trae tes ai are te cit arate eR aay 66 60 57 
ey eR A TE ek ceca es OR on 9 8 RU ne 64 52 52 
CSG IAchene aS tee as l aces SR ara ees Se ees As Bs eee ie 54 43 56 
Averageibefore: Cleaning site weer. os. Noy. Neate areal ae 57.2 48.7 57.5 
SE nega Anis ae ee RSI aoe et lhe ae ert ee en Mere cae oti Bae 30 9 21 
nes bo caoo nudes sEaopereneeoe cans oS aBuodeeemereSer os ous dean se 16 10 15 
US RAGE BSUS eho SORt ese ESO RET Be Acamen man SHER erS MEME ch od ssaan as 21 10 10 
Re eI CCI SMASH LS ay ot SMe tere le eas Preis RMR Be SG SS Leesa reas 15 8 7 
QAR IE SEAMEN IETS Set ah 278 Rion Rinse has arate cys ht meee eer ere 20 7 13 
Average after cleaning, excluding No. 5............:.-.--- 18 8.7 12 


A study of Table 1 emphasizes the change in the counts between 
those made before and those made after cleaning, in that the counts 
have been reduced in the case of mold to about one-third and of 
bacteria and of yeasts and spores to about one-fifth. 

The question may arise in the minds of some readers as to whether 
the marked change shown in the counts might not have been the 
result of other influences than the cleaning. The only other change 
made was a minor one in the system of sorting. In Table 2 are 
given the results of efficiency-of-sorting tests. The method of making 
these tests is described in detail on page 18. The tests were made 
on the sorted and washed stock ready for the crusher and represent 
the approximate percentage of decay that was going into the finished 
product. The data in Table 2 show that the average percentage of 
decay during the first 5 days was 1 per cent, while during the last 
3 days (the after-cleaning period) it was 0.94 per cent. Obviously 
these figures are negligible in accounting for the marked changes 
observed in the counts, 
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TABLE 2.—Hfficiency-of-sorting tests. 


Percentage Percentage 
Date. Hour of test. of decay. Date. Hour of test. of decay. 

Sy o 3s PP acres als Shs Ie Be PAVE Solin AB) cou pacaadadoe 8.00 p.m... 0.37 

OseRe anes ees 9.30 p.m... 1.60 1 DO Sa tea ean ae 10.15 p.m.. 93 

ON BU 10.45 p. m.. AGW Sbyorts ADsos5skenedooner 10.00 a. m.. 1.70 

SG, CR escadeawaseeee 11.45 p.m.. 81 AD) beter Se i ee 5.30 p. m.. 1.35 

ESIS10) Rae aces Sena 9.15a.m... 87 ID YO Kesey aa ee emia 8.00 p.m... 90 

1D Yop ea ee a 5.00 p.m... 50 IDO) Ae eee 8.30 p.m... - 43 

IDO ae ee ees 9.00 p.m... 50 ID) Qe LE es ae 11.00 p. m..- 15 

Onsbbesedcoee seus 11.30 p. m-. 1210: || (SemntesOsesee sas a 10.30 a.m... 15 

Septa2o ees 10.00 p. m.. 75 ID Osseo meee eee 1.40 a.m... 200 

SeptzGre Gene esses: 11.45 p. m.. 1.10 1D foie See ae a ee 7.30 p.m... 1.00 
1D Yass Oe A Aen a 3.45 p.m... 1.00 


During the visit at the plant personal attention was given to the 
cleaning operations. Wherever possible without handicapping the 
operations of the factory, changes were made by which the apparatus 
was more easily and effectively reached for cleaning. In some cases 
wooden piping was changed, doors put in conveyors, pulp boxes made 
removable, and other changes were made by which the workmen 
could clean the various parts more quickly and efficiently. 

After these improvements had been made a change was noticed 
in the odor about the factory, especially when the steam hose was in 
use. The offensive, fetid odor, which had been noticeable in the ris- 
ing vapors whenever the steam hose was used, almost wholly dis- 
appeared, and in its place came the characteristic odor of fresh 
tomato pulp. 

Factory No. 2. 


~ 


A faulty sorting system was the cause of the high counts present 
in the product manufactured by another factory visited by the 
bureau’s representatives. This condition is more general than the 
existence of inadequate cleaning systems. 

It was brought to the attention of the Bureau of Chemistry 
that this factory was having difficulty in maintaining low counts on 
its products. On visiting the plant it was found that the tomatoes 
were dumped into a soaking tank, from which they were carried up 
by a conveyor and fed into a rotary washer, covered with a screen of 
too fine a mesh to allow its being as efficient in removing soft rot as 
is necessary. From this washer the tomatoes were fed to the sorting 
apron. This apron was so arranged that at intervals along its length 
a portion of the main stream of tomatoes was diverted through the 
scalding boxes and out upon the peeling tables. Three sorters were 
working at the main sorting apron, but were so stationed that the 
tomatoes diverted to the first table received little or no sorting inspec- 
tion. Those for the second table received some attention, while those 
for the third had the greatest amount. The sorters also were trying 
to do trimming work. The result was that many spotted tomatoes 
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were not sorted out. Tests made for the percentage of rot in the 
sorted stock showed it to vary from about 0.1 per cent to over 2.5 per 
cent of decayed material. The apron was moving at a rate of 78 feet 
per minute. During the three days that tests were made at the plant 
several changes were instituted, among which were slowing down 
the rate of the apron, securing more women for the inspection 
service, and dividing them into squads. One squad did nothing but 
sort out the spotted tomatoes and put them in buckets the contents of 
which were trimmed by the second set to remove the rot. Tests on 
the efficiency of sorting under the changed conditions gave a range 
of from no appreciable amount of rot to 1.3 per cent. 


Factory No. 3. 


A visit made to still another plant, some of the product of which 
had been condemned the previous season, showed that the tomatoes 
were passing through one of the washers and scalders at the rate of 
490 bushels per hour. Five young boys, between the ages of 13 and 
15, were working at the sorting table. A test of the stock being 
fed to the sorting table gave about 16 per cent of rotten material. 
A similar test after sorting gave about 7.5 per cent. All the waste 
from the tomatoes removed at the peeling tables went into the 
cyclones for pulp making. 


WASHING. 


During the last few years various systems and devices have been 
tested under factory conditions and a mass of data has been collected 
bearing upon so many of the practical questions concerned in the 
production of a clean, sanitary product that it is proposed to discuss 
here the more important of these operations. 

Any one familiar with the canning industry must have noticed 
the changes that have taken place in recent years and the improve- 
ments that have been made in tomato-washing machinery. The choice 
of a proper washing system requires a knowledge of the specific 
conditions under which the system is to be operated in each ease, 
since a system that works satisfactorily under one set of conditions 
may be inadequate elsewhere. 

In some parts of the country tomatoes are grown on a soil which 
has an abundance of sand in it and little clay. Tomatoes grown on 
such land are fairly readily cleaned by a good spraying apron 
washer. In other parts of the country the soil consists of a sticky 
clay loam, which clings so tenaciously as to make its removal by 
the spraying system alone very difficult. In such cases some sort 
of rubbing method is highly desirable. It is under such conditions 
that the rotary washers are efficient. Factory owners sometimes have 
been found who have been deceived as to the efficiency of their 
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BCHI887 
Fic. 1.—MOLD FROM SLIME ON INSANITARY APPARATUS. (MAQNIFIED 100 DIAMETERS.) 


Note the feathery character. 


BCHI894 


Fic. 2.—MOLD FROM SLIME ON INSANITARY APPARATUS. (MAGNIFIED 300 DIAMETERS.) 
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TOMATO TURNING DEVICE ADAPTED TO SIMPLE APRON SORTING T ABLE. 
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washers, because a thin coating of dirt on the skin of a tomato is 
less evident when the tomato is wet than when it is dry. Tomatoes 
that may appear fairly clean when wet may still show a thin, adher- 
ing coat of soil if allowed to dry. 

The principal types of washers in use are the following: (a) dump 
hopper; (0) worm (helicoid); (c) spray apron; (d) rotary; (ce) 
paddle agitator; (7) air blast (geyser) ; (7) cascade. 

(a) The dump hopper is now used by only a few small packers. 
Tt has practically nothing to recommend it as a washer. 

(6) The old-style helicoid worm washers also are being replaced 
rapidly by the more modern types. 

(c) In the plain apron washer the tomatoes are carried on an open- 
_ work apron through an inclosed chamber in which are strong sprays 
that strike the tomatoes at various angles. This type of washer does 
satisfactory work provided the water pressure is high enough (some 
advise 100 pounds or more per square inch), and the soil on which 
the tomatoes are grown is not of a very sticky character. If a high 
pressure is used the apron washer assists materially in eliminating 
soft rot spots, although, of course, it should not be expected to do 
the work which properly belongs to the sorters. The type of nozzle 
used on these machines, however, offers opportunity for improve- 
ment. A nonclogging, flat spray form is much needed. The common 
spray form of nozzle usually employed does not deliver the force of 
the water evenly. Since the water is delivered in a circular form the 
tomatoes passing along the edges of the circles get the force of the 
stream for a longer time than those going through nearer the center. 
The orifice of emission of the water in this type is so narrow that it 
clogs quickly unless the water supply is very free from solid particles 
such as scale from the inside of the water pipes. Nozzles working 
on the impact principle do not seem to be so subject to these objections. 

(dq) The rotary washer consists of an inclined cylinder covered 
with a wire screen of 1-inch mesh. It is very commonly used and 
generally gives good results. Its advantages are that it rubs the 
tomatoes against each other, thus loosening the dirt, and it does the 
washing with a less expenditure of water than most of the other 
washers that give satisfactory results. Furthermore, it will remove 
some of the soft-rot tomatoes. The principal objection urged against 
it is that the manner of its operation tends to crush some of the very 
ripe tomatoes, which may be sound but so ripe as to be tender. 

(e) In the paddle-agitator washer the tomatoes are dumped into 
a tank of water where they float and are agitated by slowly revolv- 
ing paddles, which cause the tomatoes to rub against each other, thus 
loosening the dirt. At the same time the tomatoes are worked along 
toward the conveyor, which removes them from the tank. As they 
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are carried out they pass under water sprays which give them a final 
rinsing. 

(7) The air-blast or geyser washer works on the same general 
principle as the preceding type, but produces the agitation by blasts 
of air entering the tank at or near the bottom. 

(g) In the cascade washer the tomatoes are carried up a tight- 
bottomed conveyor inclined at an angle of 30° to 50°. Near the 
top are the inlets for water which emit a sufficient amount to produce 
a vigorous flow down over the ascending stream of tomatoes. A|- 
though it is a good rinser, it is not sufficient alone to remove 
thoroughly the sticky soil from the fruit. 


SORTING. 
ITS IMPORTANCE. 


A careful consideration of the causes of failure in making clean, 
sound, sanitary tomato products shows clearly that more difficulty is 
experienced in effecting satisfactory washing, prompt handling, and 
efficient sorting than in any of the other phases of the manufactur- 
ing process. Sorting is the most important of these operations, in 
which the judgment of the workman plays a considerable part. 
Satisfactory washing is largely a question of proper operation of a 
mechanical device. This may be said also of many of the other 
operations about the factory, but so far no mechanical contrivance 
for separating the decayed from the good parts of the tomatoes has 
been placed upon the market. This operation must still be performed 
principally by hand. Although some washers, if properly con- 
structed and operated, will assist in removing the badly soft-rotted 
tomatoes, efficient hand sorting must be employed if a uniformly 
good, sound product is to be obtained. 

Experience has shown that in factories where the tomatoes are 
used only for peeling stock and where all the trimmings are thrown 
away sorting is an unnecessary expense. In the making of pulp of 
any kind, however, efficient sorting is absolutely necessary. Other- 
wise there can be no assurance of producing a uniformly sound 
product with low counts of microorganisms. 

The conditions observed and the results obtained in various fac- 
tories show that there is little, if any, choice between sorting the 
tomatoes before and after washing. Some of the best, as well as some 
of the poorest, results were obtained in factories where one or the 
other of these methods was employed. Approximately two-thirds 
of the plants visited during the seasons of 1915 and 1916 that did 
any sorting at all were using the wet method, and one-third the dry 
method. In order to remove clinging pieces of partially decayed 
tomatoes, the tomatoes always should be subjected to a washing or 
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rinsing after sorting, even though the principal washing has been 
done before sorting. 


SORTING SYSTEMS. 


The various sorting systems in operation may be designated as 
(a) table, (6) simple apron, and (¢) divided apron. These systems 
are not kept entirely distinct, however, but frequently overlap in one 
particular or another. 

(a) In the typical table system the tomatoes are dumped upon a 
stationary table or sorted directly from the crate or basket. The 
tomatoes are picked out by the sorters who are stationed around the 
table, and after being examined are tossed into suitable containers, 
from which they are emptied from time to time into the washers. 
The decayed tomatoes or parts thereof are removed and rejected. 
One advantage of this system is that by examining the sorted stock 
in each container the efficiency of the individual sorters can be de- 
termined more readily than by any of the other systems. As a rule 
it is a fairly effective system, but usually 1s more expensive than any 
of the others. : 

(6) In the simple apron conveyor system the tomatoes are placed 
upon a slowly moving, horizontal apron which carries them along 
in front of the sorters, who are supposed to remove all tomatoes that 
are entirely or partially decayed. Those not picked out constitute 
the stock finally used in the manufacturing process. By this system 
the tomatoes theoretically are subjected to as many inspections as 
there are sorters to the apron. With good sorters and where proper 
conditions of feed, rate of movement, and lighting are maintained this 
is practically true, but emphasis must be laid upon the observance of 
these details if satisfactory results are to be attained. 

Under normal conditions, where proper attention is given to details 
of feeding and lighting, the apron conveyor system has been found 
to yield as good results as any that has been devised. This is true 
for two reasons. In the first place, only those tomatoes that have 
decayed parts need to be picked up and taken out. During the last 
two seasons more than 100 tests were made on the unsorted stock in 
about 30 different factories in various parts of the tomato-producing 
sections east of the Mississippi River. These tests have shown that 
from 0.4 per cent to 81 per cent by number of the tomatoes were 
decayed, in whole or in part, to such an extent as to require trimming 
or total rejection. The average by number was about 25 per cent. 
This means that in an average bushel? of tomatoes 58 must. be re- 
moved and rejected either in whole or in part. 

The second advantage of this system is that if one of the sorters is 
imexperienced or becomes a little lax in the work the fault is more 


1The average number of tomatoes per bushel as determined by 174 tests made in 1916 
was 229, 
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likely to be compensated for by the carefulness of the other sorters 
than in the case of any of the other systems. This, however, should 
not be used as an excuse for putting unreliable sorters on the apron. 

The width of aprons used varies greatly, ranging from 8 inches to 
4 feet. To get the best results the aprons should be narrow enough 
for the sorters to reach easily across the entire width. The most 
convenient and practicable width has been found to be from 18 to 20 
inches. 

Even greater variation is found in the rate of movement of the 
apron. Tests on the rate of speed in different plants showed a mini- 
mum rate as low as 16 feet per minute and a maximum as high as 
140 feet. The speed of the apron should be retarded sufficiently to 
permit careful observation of the individual tomatoes and to allow 
the sorters sufficient time to reach for and remove those with rotten 
spots. Observation of a large number of sorting aprons in operation 
has shown that it is impossible to obtain good results with a speed 
exceeding 25 feet per minute. 

(c) In the divided-apron system the tomatoes are dumped upon a 
conveyor very similar in construction to the simple apron, but usually 
somewhat wider. Over this conveyor a guide is suspended which 
divides the stream of tomatoes into two parts, one on each edge, 
and leaves also a vacant space through the center of the apron. The 
sorters stand beside the apron, pick out the good tomatoes, and toss 
them over into the middle section of the apron. All the tomatoes not 
thrown over into the middle section pass into the waste at the end 
of the machine. The good tomatoes pass on into washing or rinsing 
systems. A modification of this system is to remove the bad or 
spotted stock to the middle section from which they pass into the 
waste. 

Each tomato, theoretically, is subjected to a scrutinizing inspec- 
tion, but actually, when the sorters are inspecting rapidly, they will 
pick up some of the tomatoes and toss them into the center without 
taking the trouble to turn them over to see the underside. The fact 
that by this system all the tomatoes, both good and bad, must be 
actually handled contributes materially to the inefficiency of the sys- 
tem, as about 75 per cent of the entire stock are sound. It necessarily 
follows that, as a rule, a larger corps of sorters will be needed than in 
the simple apron system, where only tomatoes with decayed parts 
have to be handled. 

In constructing a sorting apron of either type the manufacturer’s 
first problem is to plan one that will meet his requirements as to 
capacity. A number of tests made on the area a bushel of tomatoes 
will cover when laid out in a layer one tomato deep showed that, in 
general, the larger the tomatoes were the smaller was the area coy- 
ered. The tests made showed a variation of from approximately 7 to 
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124 square feet per bushel, with an average of about 91. As the to- 
matoes should be fed onto the apron so as to leave at least one-half of 
the space uncovered, a space of about 184 square feet should be pro- 
vided for each bushel. This would mean that a sorting apron 18 
inches wide and moving at the rate of 25 feet per minute would have 
a capacity of about 120 bushels per hour and when handling average 
stock would require the services of six efficient sorters. On this basis 
a separate sorting apron would be required for each 1,200 bushels 
handled per 10-hour day. Such an arrangement provides for the 
most efficient utilization of equipment. In some factories visited the 
arrangement was so poorly planned that the apron was running ten 
times faster than was necessary for handling the volume of stock. 
In other factories the tomatoes were run through at from five to six 
times the normal capacity of the machine and the number of sorters 
was insufficient to handle them under proper conditions. 


SORTING SYSTEMS THAT HAVE FAILED. 


In the past the practice of making pulp from peeling-table waste 
was not uncommon. Much of this pulp, in a more or less concen- 
trated condition, was placed in barrels and disposed of for making 
cheap ketchup. ‘The careless methods employed resulted in many 
condemnations of the product under the Federal Food and Drugs 
Act because the product was decomposed, in whole or in part. Asa 
result of the Government’s campaign against adulterated tomato 
pulp, some of the evils of the practice have abated. 

The pulp commonly used for low-grade ketchups sold at from 75 
cents to $2.50 per barrel, most of it selling for from $1 to $1.75. At 
these prices the manufacturer received only about enough to pay for 
the disposal of the waste which otherwise was an item of expense. 
When it is realized that the stock from which tomato pulp is made 
may contain 20 per cent of rotten tomatoes and yet not give to the 
finished product such plain evidences of their presence as to be de- 
tected by the average consumer, it is easy to understand the tempta-— 
tion and opportunity for negligence and carelessness in the manufac- 
ture of the product. 

Some firms, by modifying their methods of manufacture, have been 
attempting to produce from trimmings an article which would be 
satisfactory under pure-food laws, but only a few have been suc- 
cessful, and these only in part. An examination of the prosecutions 
brought against adulterated tomato products during the last six years 
will show that most of these products were made from trimming 
stock. A recognition of these facts has raised the question whether 
it is possible to make a satisfactory pulp-from the trimmings. It is 
possible to do this, but the added labor required makes it doubtful 
whether it is profitable. As the tomatoes must be sorted and handled 
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with unusual care if the trimmings are to be used for pulp, about 
one-eighth as many sorters as peelers must be employed. 

Various methods have been tried unsuccessfully in different plants 
in the hope of avoiding the labor and expense involved in a thorough 
sorting of the stock before it passes to the peeling tables. An account 
of the least successful methods follows. 

One method consists in furnishing each peeler with two buckets, 
one for sound trimmings, the other for decayed portions. The 
peelers are paid only for the peeled tomatoes. Hence, very little 
or no attention is given to sorting the good from the bad portions 
of the trimmings. Even if the sorting were done carefully there 
would still be the objection that the good portions had been con- 
taminated by contact with the partially rotten portions during the 
handling after scalding and before peeling. 

Another method tried by some manufacturers is to rinse the trim- 
mings themselves. This is unsatisfactory for the following reasons: 
The washing results in a great loss of material; the trimmings on 
account of their bulk can not be washed effectively; and no washing 
system has been devised which will remove certain types of decay. 

A third method is to inspect the trimmings after they leave the 
peeling tables and to remove the bad portions. A small proportion 
can be picked out in this manner, but the amount is so small that the 
system is of very slight value. After a large number of cut pieces, 
such as occur in trimmings, have been dumped together it is a 
physical impossibility to sort out any but the more solid portions, 
such as large pieces and those of dry or black rot. The pieces of 
soft rot become mashed anc contaminate the whole mass and can 
not be removed. 


UNIFORMITY AND RATE OF FEEDING. 


The rate at which the tomatoes are fed upon the apron is an im- 
portant factor in the efficiency of sorting. Tomatoes frequently are 
fed so irregularly that it is impossible to obtain good results. 

Observations were taken at several plants for the purpose of 
determining what variation occurs in feeding the tomatoes to the 
sorting apron. The data from one of these inspections are given in 
Table 3. 


TABLE 3.—Variation in rate of dumping tomatoes into the washer. 
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This series of observations, which extended over a continuous 
period of 28 minutes, shows a variation of from 0 to 44 bushels per 
minute. The table shows that during the 28 minutes there were 
five periods of from 1 to 9 minutes each (aggregating a total of 194 
minutes) during which no tomatoes at all were dumped into the 
washer. From the washer the tomatoes were removed by a conveyor 
to the sorting apron. This tended to equalize the variation some- 
what, but there was still great irregularity as the tomatoes were 
delivered finally for sorting. Although the average rate was only 
about 66 bushels per hour, there were periods when the observed 
rate amounted to 270. Such variation makes it practically impossible 
to obtain uniform results in sorting. 

In dumping directly on the sorting apron the workmen often 
become careless and the tomatoes pass to the sorters in piles inter- 
spersed with vacant areas. In some plants one of the workmen is 
assigned to the task of regulating the rate at which the tomatoes are 
fed from the dumping board to the apron, but even this is not wholly 
satisfactory. An attempt has been made to overcome this difficulty 
by providing a mechanical device in the form of a feeding hopper, 
and although this device has not been tested thoroughly, it gives 
promise of relief. This feeding hopper consists of a short conveyor 
18 inches wide and about 42 inches long, inclosed at the sides by 
boards extending 6 inches above the apron. It is so regulated that it 
travels 3 feet per minute. The conveyor or hopper thus made is kept 
rounding full and so placed as to deliver the tomatoes to the sorting 
apron with as little drop as possible. With these specifications as 
to size and speed, such a feeder, if kept full, will deliver 120 bushels 
of tomatoes per hour to the sorting apron at a regular speed. This 
is about the amount that can be handled satisfactorily on a sorting 
apron operated by 6 good sorters. Although this device as yet has 
been tested only in an experimental way under factory conditions, 
the results appear encouraging. 


TURNING DEVICES. 


For good sorting it is important that during the process all sides 
of each tomato be subjected to inspection. In 1911 the writer pointed 
out! the desirability of a mechanical device to turn the tomatoes 
over while they are on the apron. Some firms manufacturing ma- 
chinery and several packers have undertaken to accomplish this in 
various ways. Of the forms applicable to the simple apron a certain 
device used in one plant has such merit that a description of it should 
prove valuable. Its simplicity, cheapness, and effectiveness, together 


1Tomato Ketchup under the Microscope. U. S. Dept. Agr., Bur. Chem. Circ. 68, 
Teb. 18, 1911. 
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with the fact that it can be made by the mechanic of almost any plant, 
are important points in its favor. 

For an apron 18 inches wide, 14 pieces of 2-inch iron pipe (1 inch 
outside) were cut, each piece about 7 inches long. About one-half 
inch from one end of each piece a hole was drilled through the pipe 
large enough to permit of the pipes being strung on a 4-inch steel rod. 
In order to insure freedom of movement a thin washer was placed 
between each pipe and the one next to it. The whole set was then 
’ suspended by means of the steel rod across the sorting apron with 
the lower ends one-half inch above the apron. <A back-stop rod is put 
in behind the set to prevent the pipes from swinging back past the 
center. This was found necessary to prevent them from swinging so 
far back as to strike and gouge the oncoming tomatoes. Plate II 
shows a sorting apron fitted with three sets of pipes, thus allowing 
for one set between each pair of sorters. In operation the weight of 
the pipes is sufficient to roll the tomatoes over as they pass under. 

In order to obtain satisfactory operation it is most important that 
the tomatoes do not cover more than 50 per cent of the apron area, 
otherwise they do not have room to turn properly. A test at one 
plant showed that 70 to 80 per cent of the tomatoes were turned each 
time they passed under a set of the pipes. It was found also that 
this turning device worked better on the open metal apron than on 
the canvas or rubber type, owing to the fact that the tomatoes slipped 
badly on aprons made of canvas or rubber. 


LIGHTING THE SORTING TABLES. 


The matter of providing suitable hghting for efficient sorting often 
has been neglected. In all too many instances there are no top lights, 
no provision is made for artificial lighting on dull days, or the 
workmen stand in their own light or labor under similar difficulties. 
Sorting requires quick observation and action and the workmen 
should have every possible advantage... Certain manufacturers have 
expressed gratification on noting the increased facility with which 
the tomatoes on the apron could be examined after their plants had 
been lighted properly. 

The tomato-packing season comes at a time of the year when many 
days are cloudy. Hence, in planning an equipment provision always 
should be made to meet the most unfavorable conditions. The most 
desirable form of light is top light. This usually can be obtained at 
small expense by putting in a skylight. Where this is impracticable, 
two 100-watt electric lights with good white reflectors suspended 4 
feet over each table give satisfactory light. In order to make pro- 


vision for dark days it is desirable to have some such form of arti- - 


ficial lighting, even when the sorting room has a skylight. The 
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lighting should be so arranged that the shadows of the workmen do 
not fall upon the table. The walls and ceiling of the sorting room or 
shed should be painted white or whitewashed. 


SELECTION OF SORTERS. 


Greater care should be exercised in the selection of sorters than in 
the selection of any of the other laborers connected with the manu- 
facture of tomato products. Some packers apparently have made 
the mistake of thinking that anyone who was not definitely employed 
elsewhere was good enough for sorting. Sorters, however, should be 
men or women (women usually have proved more satisfactory) old 
enough to be responsible and dependable, young enough to be still 
active and energetic. Young people notthoroughly responsible should 
under no conditions be intrusted with this important work. More 
harm can be done by one or two careless persons at the sorting apron 
than almost anywhere else in the plant. 

The work is of a kind that requires perhaps closer attention 
and application than any other work about the plant, and might well 
be called “skilled labor,” since efficiency in producing the best results 
comes from practical experience. Because of the close attention 
required of the workers it is one of the most fatiguing operations 
about the plant, and it is believed that a small bonus per hour to the 
persons selected to do this work would serve as an incentive to more 
painstaking work. In some factories visited, however, the sorters 
were paid only half or two-thirds as much per day as the peelers. 
Such shortsightedness in factory management is certain to lead to 
dissatisfaction and carelessness. 

Because of the fatiguing character of the work, it would be wise 
where feasible to work the sorters in shifts of not over three hours 
each. The sorting should be superintended by a person who has 
proved himself highly efficient in that line of work or by one who is 
alert and has a discriminating mind and is able to handle workmen 
tactfully. 

Where the simple apron system is used it is best to place the most 
efficient sorters last, in order that the final inspection may be made 
the most critical. 

VOLUME SORTED. 


The volume of tomatoes handled by one sorter is dependent upon 
several factors, among which the most important are the condition 
of the tomatoes, the system of sorting used, and the efficiency and 
experience of the sorter. With average stock it is impracticable to 
get good results by the table system if the tomatoes are delivered at 
a rate of more than 5 to 8 bushels per sorter per hour. With the 
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apron systems 20 to 25 bushels per sorter per hour have been about 
the practical limit for obtaining uniformly good results. Packers 
heretofore have given this point far too little consideration. It has 
been observed in some. factories that the tomatoes were passing 
through at the rate of 200 bushels per sorter per hour. It is quite 
evident that little or no benefit can result from the operation of a 
sorting table under such conditions. 

In order to impress upon producers the importance of handling the 
crop properly, some packers have put into operation a “loss-off ” 
system by which they pay for the tomatoes on the basis of the sound 
tomatoes, allowing the presence of ory a nominal proportion of 
spotted ones. 

EFFICIENCY OF SORTING. 


Practically all plants have some kind of sorting system, but ex- 
periments and observations in different plants show a wide variation 
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Fie. 1.—Efficiency sorting chart. Each cross or dot represents the result of an indi- 
vidual test and indicates the percentage of rot found. 


in the efficiency of such systems. In some plants the sorting is done 
effectively, while in others the work is performed so poorly as to be 
practically valueless. 

In order to obtain a numerical expression of the efficiency of sort- 
ing, the following method was employed: To secure the samples 
small portions of the stock were taken from the stream at intervals 
of about 15 seconds until a total sample of 20 to 40 pounds had 
been secured. The tomatoes in the composite sample were then 
examined critically for decayed portions. The objectionable parts 
were cut out, weighed, and their percentage calculated. Tests 
made under a variety of conditions in different factories showed 
that with proper equipment and control the percentage of decay 
can be maintained at 1 per cent or less. For purposes of com- 
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parison tests also were made on some of the unsorted stock. The 
results of the tests from a few typical plants are shown graphically 
in figure 1. The tests at each factory are plotted in the order made, 
but they were not made at equal intervals. 

Factory No. 1 illustrates a case where the stock used was of very 
poor quality but, owing to the excellence of the sorting and washing 
systems, the decay was kept down to an average of 0.8 per cent, 
although two or three of the tests ran rather high. 

Factory No. 2, which had experienced trouble in producing a sani- 
tary product, adopted in 1916 a system of sorting and washing that 
very much improved the character of the product. In this case the 
average of the tests made for amount of rot was 0.5 per cent, with 
one test running up to the high point—for sorted stock—of 1.7 per 
cent. . 

The table system of sorting was being followed at factory No. 3. 
The work, however, was done so ineffectively that tests on the sorted 
stock showed about 1.4 per cent of rot as against about 1.5 per cent 
for the unsorted, so that there was practically no improvement. The 
average amount of rot present was one and three-quarters times 
as much as in factory No. 1, although the condition of the unsorted 
stock-at factory No. 1 was fourteen times as bad as at factory No. 3. 

At plant No. 4 the conditions as to sorting were found in 1910 to 
be very unsatisfactory. Since that time extensive experiments have 
been made, until in 1916 the improvement shown in the chart was 
observed. The average of the seven tests made on two days was 
about 0.5 per cent. 

The chart also shows the result of tests made during three days 
at factory No. 5. At the beginning of the experiment the plant had 
a number of serious defects in its sorting system. Later, several 
changes were made in the system and the factory was operated on a 
more approved method with striking results. The point when the 
changes were adopted is shown in figure 1 by the letter A. The 
average of the tests on the sorted stock prior to A was 1.26 per cent 
of rot; of the tests made subsequently, only 0.28 per cent. 

Data collected in many factories showed that in samples of un- 
sorted stock examined the percentage by weight of rotten material 
varied from practically nothing to over 30 per cent, while the aver- 
age in the whole series was about 5.5 per cent. The percentage of 
rot in the sorted stock (including the badly sorted as well as the 
thoroughly sorted) varied from: practically zero to over 7 per cent, 
while the average was about 14 per cent. 

The percentage of rot by number was also determined during the 
season of 1916 in most places in addition to the percentage by weight. 
Although not so reliable as the determination by weight, it does at 
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times serve as a quick, rough method of arriving at a knowledge of 
the character of the stock. 

The data obtained show that on unsorted stock the percentage by 
number of tomatoes with rotten spots is approximately six times 
as great as the percentage by weight of decayed material. In seek- 
ing to estimate the proportion of decay in this manner, however, in 
the practical testing of stock the results can be regarded only as a 
rough approximation, since the variation in individual cases is very 
wide, ranging from a ratio of about 2 in some cases to 15, and in a 
few instances even higher than this. If this method is to be used in 
a practical way it should be used only where the percentage by num- 
ber of decayed tomatoes does not exceed about 15, since even in that 
event it would indicate very roughly 24 per cent of rot by weight. 
The factor, as a rule, becomes smaller as the percentages increase, 
owing to the relatively higher proportion of tomatoes with large- 
spots. In the samples of sorted stock the average ratio of percentage 
of spotted tomatoes by number to percentage of rot by weight was 
about 10 to 1. 

These relationships indicate that the rotten or spotted condition 
in unsorted stock averaged one-sixth of the mass of the tomato in 
which found, while in the sorted stock it averaged about one-tenth 
of the mass. 

COST OF SORTING. 


The question of the cost of sorting is important to the manufac- 
turer. The wage commonly paid for this type of labor is about 15 
cents per hour. The output by the table system of sorting ranges 
from 5 to 8 bushels per sorter-hour. Hence, the minimum cost by 
this system is about 2 to 3 cents per bushel. The investment for 
sorting equipment in this system is practically nothing. 

By the apron system, good effective sorting can be made at the 
rate of 20 bushels per sorter-hour, thus reducing the labor cost to 
about three-fourths of a cent per bushel. This is simply for the 
removal of the tomatoes that are more or less decayed and that must 
be trimmed if any part is to be retained for use. The trimming 
process itself is believed to be usually a self-paying proposition. 


TRIMMING. 


Some packers have been observed to discard the whole of any 
tomato that showed a decayed spot. Tests made under factory con- 
ditions, however, prove that this is a wasteful practice, since the 
average amount of decay on unsorted stock is only about one-sixth 
of the whole tomato. Hence, to remove absolutely all traces of decay 
from each tomato, usually less than one-third of the tomato would 
need to be cut out. The remainder of the tomato would be entirely 


= 


suitable for use. In the apron system, however, it is strongly advised 
that if trimming is to be practiced it be done by a different set of 
employees from those who do the sorting, for if the sorter is required 
both to sort and trim at the same time his attention will become 
divided and he will pass many bad tomatoes. 

Tests made at one plant where the work of sorting and trimming 
was done by two sets of workers showed that one trimmer reclaimed 
434 pounds of good stock in 25 minutes, or 104.4 pounds per hour. 
At the price then paid for tomatoes the quantity that was saved com- 
pensated for more than one-third of the expense of the efficient 
sorting and trimming being done at the plant. 
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PULPING. 


The pulping systems in use may be classified as (a) cold and (0) 
hot. By the cold system the tomatoes are not cooked, but are put 
through the cyclones before or after passing through a chopping or 
crushing device. This is the usual system followed in making pulp 
from trimmings, although the scalding of the tomatoes for peeling 
slightly cooks the surface tissues. When the stock is scalded for 
peeling, and occasionally for whole-tomato pulp, the light cooking 
makes possible a cleanér separation of the pulp from the skin than 
is secured by the typical cold method. 

By the hot system the tomatoes are partially cooked before going 
to the cyclone. This cooking undoubtedly gives a larger yield of 
pulp from the stock and tends to arrest or decrease the growth of 
microorganisms. Some manufacturers claim that they obtain a 
redder product by the cold than by the hot system, but the observa- 
tions of the bureau seem to indicate no marked difference in the color 
of the product that may be attributed fairly to either system. 


PULP-MAKING SYSTEMS. 


The only places where the making of satisfactory trimming pulp 
has come under the observation of the department are those factories 
in which the tomatoes for canning were very carefully sorted before 
going to the peeling tables. This is done preferably before the to- 
matoes have been scalded, as after scalding they are too hot to be 
handled with any comfort, even when given the customary “ chilling.” 

Some canners had the sorting done by men who had some other 
duties around the scalder or washer. This, however, is very unde- 
sirable, for if satisfactory results are to be obtained it is important 
that even more critical sorting be maintained than in the making 
of whole-tomato ketchup or pulp. This necessity for care is equally 
applicable to all the details of pulp making, such as method, speed of 
apron, capacity, personnel, and efficiency of the sorters, and prompt- 
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ness in handling the product. When proper attention is given to these 
details a satisfactory product can be obtained, but it is in the exercise 
of the care required that many packers have failed. 

Why should the manufacturer desire to turn his trimming waste 
into pulp? Tests made at various factories have shown that 30 per 
cent or more of the weight of the tomatoes as received at the fac- 
tory goes into the waste known as trimmings. An examination of 

ordinary trimmings 
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trimmings. Although when properly handled such a system should 
give a satisfactory product, it is complicated, and the extra labor 
required in the use of trimmings in the pulp may not in average 
seasons be compensated by the value of the product resulting. 
Because of the fact that a considerable part of the waste comes 
from small tomatoes which the peelers find it unprofitable to skin, 
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it has been suggested by some manufacturers that they might, at the. 
start, pass their stock over a mechanical grader to remove all the 
small tomatoes before the peeling stock goes to the scalder. These 
small tomatoes could then be put through the proper processes for 
pulp making while the regular trimmings from the peeling tables 
would be totally discarded. Figure 3 is a graphic representation of 
such a system. Although this system appears reasonable and has 
been tested out by a few firms, sufficient data are not yet available 
to show its practicability as a commercial proposition. It is much 
simpler than the sys- 


tem shown in figure 
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lay occasioned at a stage when conditions are most favorable for 
rapid multiplication of the organisms. In this system stock that 
otherwise might be satisfactory is held for a period of time under 
conditions nearly ideal for rapid growth of organisms, especially 
bacteria and yeasts. 

By the gravity method the stock before pulping usually is warmed 
more or less, according to the fancy of the manufacturer. After pass- 
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ing the cyclone the pulp is allowed to stand in a tank or vat. In half 
an hour or so the clear juice begins to separate from the fibrous 
cellular portions, which tend to rise, owing to the entangled gas. 
When this stage is reached a stopcock or bung near the bottom of the 
vat is “cracked” and the juice drawn off. Meanwhile, more pulp 
usually is added. In this way the pulp is held for varying lengths of 
time up to half a day or more, which obviously allows some spoilage 
to take place. Another objectionable feature is that a large part 
of the soluble solids, which contribute much to the flavor of properly 
made products, is thrown away. The rapid decline in the use of the 
gravity method during the last few years, therefore, marks a decided 
advance in the manufacture of tomato products. 

Manufacturers should seek to reduce to a minimum the time re- 
quired to carry the product through from basket to bottle or can. 
The slogan “An hour from basket to bottle” expresses a degree of 
efficiency which should be striven for by every manufacturer and 
which already is being attained in some factories throughout the 
country. 


CLEANLINESS IN THE FACTORY. 
ITS IMPORTANCE. 


A knowledge of the conditions favorable for growth of micro- 
organisms serves to emphasize the great importance of cleanliness 
about a canning factory. To secure normal growth there must be 
first the spore or a portion of the vegetative part of the organism 
to start the infection. Then for its development or multiplication 
there must be a suitable food supply, moisture, and a certain amount 
of heat. The rate of growth varies for different organisms and is 
influenced greatly by the nature of the food supply and the degree 
of heat. 

One of the most persistent species of mold occurring around 
tomato-canning factories is that identified as Oidium lactis (Plate I). 
Molds growing on apparatus impart to it a slippery feel, very differ- 
ent from that which characterizes clean apparatus. A deposit of 
more or less cheesy consistency usually can be scraped from apparatus 
having such a feel. 

Mold will grow sometimes in many unexpected places, such as on 
metal and wood conveyors, on cyclone paddles, and in similar places. 
As its presence always indicates lack of thoroughness in cleaning, it 
will be seen that proper cleaning is of vital importance if a sanitary 
condition is to be maintained in the plant. By proper forethought 
in planning and equipping a factory the difficulties in keeping it 
clean can be reduced greatly. It frequently happens that in devising, 
selecting, and installing factory equipment too little thought is 
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expended in seeing that all parts are so built and placed as to be 
easily accessible for cleaning. For instance, cyclones which as de- 
signed by the makers could be readily cleaned, have sometimes been 
so installed that effective cleaning was almost impossible. All parts 
should be accessible for scrubbing, as hose or steam alone can not be 
depended upon. Care should be exercised to avoid as far as possible 
all unnecessary angles resulting from careless lapping or matching 
of parts. Rounded corners can be used at times to great advantage. 


THE NECESSARY EQUIPMENT. 


An inspection of the equipment of some plants often discloses a 
striking lack of cleaning apparatus, such as water taps, hose, scrub 
brushes, and brooms. ‘There should be adequate hose facilities for 
quickly and effectively flushing out machinery and floors. Three or 
four lines of hose and connections conveniently placed are none too 
many for an average canning factory. Many factories now have 
water connections by faucet or short hose within ready reach of each 
peeler. Such an arrangement allows each worker to clean quickly 
her own part of the equipment. 

A steam hose also should be available. Some persons, however, 
have been inclined to put too much faith in the efficacy of the steam 
hose. If intelligently used on machinery that already has been 
properly scrubbed, it does excellent work in cleaning out loose ma- 
terial from crevices and in sterilizing and heating the metal parts 
so as to produce quick drying. For cutting out mold and slime on 
broad surfaces, however, a steam hose usually is insufficient. The 
average workman is fikely to use it for too short a time and on too 
limited an area. 

An ample supply of brushes—not simply one or two—should be 
readily available. The water-soaked brooms used in some factories 
should be replaced by stable brushes with stiff, split-rattan or steel- 
wire bristles. For cleaning wet floors such brushes are easier to use 
than brooms and are far more effective, as they cut the dirt and slime. 
The hand brushes also should be of some stiff material which will not, 
after being used a few times, become water-logged and mat down 
and simply glide over the surface without loosening the slime. 
Painter’s triangles for reaching into and scraping difficult corners 
also have been found helpful. One or more flashlights would be of 
service for inspection and for working in obscure places. 


USE OF EQUIPMENT. 


After an adequate cleaning equipment has been installed a well- 
systematized plan of operation must be put into effect. Each work- 
man should have an active part in this system. The most effective 
method for cleaning the floors is to assign three or four active men to 
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the task. One of these men handles the hose, directing the water 
where needed; the others loosen the dirt with stable brushes and give 
the final cleaning. In this way a large area can be cleaned quickly 
and effectively. 

At one plant of moderate size such a plan was observed under 
operation. The periods immediately preceding luncheon and at the 
close of the working day were set aside for cleaning. The employees 
worked with such a degree of system that in 10 minutes the sorting 
table, washing and scalding machines, peeling tables, buckets, filling 
machines, cyclones, finishers, and floors were given a thorough clean- 
ing. The reasons for this efficiency were that plenty of water was 
available, the apparatus was located conveniently, and each person had 
his or her part of the work to perform. Each woman cleaned her 
buckets and pans and her part of the peeling table, the sorters cleaned 
the sorting table, and washing and scalding outfits, while the pulp 
men were held accountable for the cleaning of their equipment. At 
the same time those working at the filling and capping machines 
cleaned their respective outfits. While these operations were going on 
several men had started flushing and scrubbing the floors at places 
where they would least interfere with the other employees, and as 
soon as the others had finished their cleaning the remainder of the 
floor was finished. The drains were so located as to help facilitate the 
entire operation. ~ 

If any part of the room had not been properly cleaned it was an 
easy matter to fix the responsibility, since each person had a definite 
work to perform. 

Apparatus if well cleaned should, when wet, be free from any 
slippery or slimy feel and when scraped should not yield a cheesy 
deposit. At the close of the day’s work the equipment after being 
cleaned should be left in such position as to permit of ready drainage, 
ventilation, and drying. ‘These precautions will tend to check the 
growth of microorganisms. Pails, pans, and buckets should not be 
stacked, as is frequently done, and the cyclones, as well as the tanks 
and vats, should be left open. 


PSYCHOLOGY OF CLEANLINESS. 


The old adage “ Like begets like ” is applicable in factories as well 
as elsewhere. Where there is intelligent and tactful demand for 
cleanliness on the part of the factory management there is certain 
to be a conscious or unconscious response on the part of the em- 
ployees. A workman has small incentive to adopt cleanly methods, 
however, if filthy, slovenly, or unsystematic conditions about the 
factory are the rule. Workmen usually prefer employment in clean 
surroundings. One factory owner who maintained his plant in good 
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condition reported that instead of having a shortage of suitable help 
he had on file a waiting list which enabled him to fill any vacancies 
on his force with selected help, although some factories near by were 
finding it impossible to get sufficient help. 

The factory might well be regarded as a cooperative institution 
and the employees made to feel that its welfare is a part of their 
personal concern. Clean dressing rooms, clean, sanitary toilets, and 
simple provisions for caring for emergency accidents will be ap- 
preciated by nearly all the employees. But in order to attain such 
an esprit de corps the superintendent or manager himself must be 
foremost in planning and systematizing the work of cleaning, which 
must be begun at the opening of the season and tactfully enforced 
throughout the entire season if it is to prove successful. 


LABORATORY CONTROL. 


From the standpoint of law enforcement, laboratory methods of 
examination are necessary, since there is no other way by which the 
officials on whom rests the responsibility for enforcing the law can 
judge correctly whether the product complies with the law’s require- 
ments. Without the check afforded by laboratory methods the 
product of insanitary factories would come into open competition 
with sound and good products, and in such condition that the con- 
sumer usually would be unable to detect its true, offensive nature. 

Large manufacturers who have analysts thoroughly well-trained 
in microscopical methods have also found laboratory supervision of 
great value as a means of checking the work of their sorters and 
superintendents. ‘The fact that the character of their work can be 
determined from an examination of the finished product is a strong 
incentive toward inducing employees to exercise a greater degree of 
care in the various details of manufacture. It is well also for the 
analyst to check his work from time to time with that of other reliable 
analysts in order to keep his own operations in agreement with those 
of others in the same line. No conscientious analyst would undertake 
to do careful analytical work for a manufacturer before he had 
proved himself reliable through experience with the product and 
through checking his findings with those of other analysts, known 
to be reliable. 

The manufacturers also may test the ability of their analysts by 
submitting to them sterilized portions of the same sample at dif- 
ferent times under different identifying marks. It is of the utmost 
importance, however, that the samples be exact duplicates, for if 
they have not been taken from the same batch after thorough mixing 
and then kept under sterile conditions the results are utterly worth- 
less for purposes of comparison. It is the writer’s belief that some 
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of our food manufacturers view this question of laboratory control 
_from an entirely wrong angle. It is thought that there are some 
manufacturers who use it simply as a means of trying to get their 
goods to “pass inspection.” Instead of seeking to make the best 
product possible the temptation is to make a product just good 
enough to escape adverse action on the part of the food-control 
official who examines it. It is not to be inferred from this state- 
ment that any large number of American manufacturers consciously 
take this attitude, but such a result is always likely to follow when- 
ever a definite standard for a product is proposed in any hne of busi- 
ness. 

The Department of Agriculture desires to emphasize in this bulle- 
tin the supreme importance of certain methods and elementary steps 
in manufacturing as prerequisites in the production of sanitary goods. 
As the analyst for a firm once said, “If the objectionable material 
has been kept out during manufacture, no laboratory test will find 
it present when the finished product is in the bottle.” If proper 
attention has been given to the necessary details of manufacture, 
no laboratory examination should be needed, while, on the other 
hand, if such details have been slighted, no amount of laboratory 
work can correct the evil and make the product one that can be 
classed as sanitary and worthy to be put on the market for cen- 
sumption. 


SUMMARY. 


In recent years great changes have taken place in the methods of 
manufacturing tomato products, such as the abandonment of the 
‘“ oravity system” and of storage in barrels, and the introduction of 
careful sorting systems. 

Many manufacturers believe their plants are sanitary and do not 
know why their products show impurities. Examination of several 
factories showed defective methods of cleaning the apparatus; in 
other places inadequate sorting methods were found responsible for 
insanitary products. 

The method of washing should be determined by the character of 
the soil in which the tomatoes are grown. 

Too little attention usually is given to sorting, although it is 
probably the most important step in the manufacture of clean, whole- 
some tomato products. Only skilled, responsible workers should be 
intrusted with this task, and, preferably, should be worked in shifts 
of not over three hours. If an apron conveyor is used, the speed 
should be carefully regulated to the capacity of the sorters. Care 
should be taken to have the feed uniform. The sorting room should 
be lighted from the top and incandescent lighting should be pro- 
vided for dark days. 
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Trimming and sorting should be made separate operations. 

It is very difficult to make sanitary pulp from trimmings alone 
and its manufacture is of doubtful profit even when properly done. 

It is possible to arrange a system of manufacture by which the 
rotten trimmings can be wholly discarded and the pulp made from 
good trimmings and small tomatoes. 

The percentage of decay in the sorted stock should be 1 per cent 
or less. 

Prompt handling is essential if spoilage is to be avoided. 

Too much care can not be given to cleaning. Every piece of 
apparatus in the factory should be arranged conveniently and plenty: 
of cleaning equipment should be available. The best results are 
obtained when the cleaning is highly systematized and each worker 
is made responsible for his part in it. 

Laboratory methods of checking the character of the finished 
products have been found of great value. 
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INTRODUCTION. 


Most of the rice produced in the United States is grown and milled 
in the States of Louisiana, Texas, Arkansas, and California. A few 
mills also are under operation in North Carolina, South Carolina, and 
Georgia. Although the processes employed in rice milling are old 
in principle, a marked improvement has taken place in the industry 
during the past decade. -As the industry is carried on in such a 
limited area of the country, however, these processes are probably un- 
familiar to many people who do not live in the rice-growing sections. 
A description of the rice grain as it comes to the mills and of the 
essential steps in rice milling seems, therefore, a desirable preliminary 
to a discussion of rice by-products. 

The three varieties of rice commonly grown in the Louisiana, Texas, 
and Arkansas rice districts are: Japan, Honduras, and Blue Rose. 
The Japan type has a short, thick grain, the Honduras type has a 
long kernel, while the Blue Rose type is intermediate between these 
two in size. The Blue Rose type, although of comparatively recent 
introduction, has increased rapidly in popularity because of its 
productiveness and milling qualities. 

1 This bulletin gives the results of an investigation of the rice-milling industry, conducted with special 
reference to the by-products obtained in the milling ofrice. It should be of interest to rice millers, feed- 
control officials, feed manufacturers dealers, and feeders of stock. 

2 Acknowledgment is madeto F. B. Wise, of the Bureau of Plant Industry, and A. W. Broomell, 
formerly of the Bureau of Chemistry, for the use of descriptive matter from U.S. Dept. Agr. Bul. 330, 


and to P. B. Yost and F. L. Elliot, of the New Orleans Laboratory of the Bureau of Chemistry, for 
assistance in the analytical work. 
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The rice grain as it is received at the mill from the farm thrasher 
is contained in a hard, siliceous hull which incloses the edible kernel. 
This hull is covered with small needlelike points very high in silica 
content. Directly beneath the hull, but separate from it and at- 
tached firmly to the endosperm or starchy body of the kernel itself, 
is a light-brown bran coat. The microscope reveals seven distinct 
layers of bran. At one end of the hulled kernel the germ or embryo 
is distinctly visible. The milling process normally removes the 
germ, six of the bran layers and a part of the seventh or aleurone 
layer, and leaves only the starchy part of the kernel surrounded by 
a portion of the last layer. The aleurone cells are very rich in pro- 
tein and only about 10 per cent of the protein of the hulled rice is 
removed by milling. Most of the oil, however, is contained in the 
germ, and since all of the germ'‘goes into the bran about 85 per cent 
of the oil content of the kernel is removed. 


DESCRIPTION OF THE MILLING PROCESS. 


The rice as it comes to the mill is termed ‘‘rough rice” and usually 
is received in sacks which ordinarily contain from 175 to 210 pounds 
each, the average being about 190 pounds. The trade, however, 
usually considers that 162 pounds constitute a “barrel.” From 
the mill warehouse the rough rice is elevated to the top floor of the 
mill, where the cleaning process begins. The rough rice goes over a 
machine called a ‘‘scalper,’’ which removes the sticks, stones, and 
other coarse material by screens and removes the dust and fine ma- 
terial by suction. From the scalper the rice goes to the “clipper,” 
which removes the long beard and stems; and from the clipper to 
a ‘“‘monitor,” which by suction removes light or blighted grains of 
rice. The product now might be termed “cleaned rough rice,” and 
upon this product the milling process proper is conducted. 


MILLING MACHINERY. 


Hulling stones—The milling process may be divided into three 
parts, each of which removes a different portion of the rice and pro- 
duces a distinct by-product. The first step is the removal of the 
hull; the second, the removal of the outer bran; and the third, the 
removal of the inner bran. The cleaned rough rice goes to a pair 
of milling stones, similar to the old-time flour-mill buhrstones. 
These stones, the top one of which usually revolves, are set some 
distance apart, so that the revolving of the stone causes the grains 
to assume a somewhat vertical position. In this position a pressure 
is exerted on the ends of the grain, which cracks or splits the hull, 
allowing the kernel to drop out. Care is taken to set the stones a 
sufficient distance apart:so that there will be as little breaking of the 
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kernel as possible, as broken rice sells for less and is graded lower 
than whole rice. It is worth noting that the breaking by the stones 
usually is lengthwise rather than transverse. Many of the transverse 
breaks are already in the rice when it arrives at the mill. 

Stone reel.From the stones the mixture of hulled rice, unhulled 
rice, and hulls goes to the so-called “‘stone reel.’’ This reel is a 
large revolving, octagonal framework covered with wire screens, the 
square meshes of which are usually 14 to the linear inch. Both finer 
and coarser meshes are sometimes used. The fine material passing 
through this screen consists of broken hulls, germs, and true bran. 


Tt is termed ‘‘stone-reel bran.’”’ The rice and hulls passing over the 
stone reel are conducted to a monitor which removes the loose hulls 
by suction. 


Paddy machine.—The rice stream goes to the ‘paddy machine,” a 
device for separating the rough from the hulled rice. This machine 
consists of a large, mechanically-operated box shaker with zigzag 
divisions formed by vertical metallic plates. These plates, together 
with the shaking, aid gravity in making a separation of the lighter, 
unhulled grains from the heavier, hulled grains. The rough-rice 
erains gradually move upward from the center feed and pass over the 
machine into a trough, while the heavier, hulled grains are collected 
under the lower side. The unhulled or ‘‘paddy”’ grains go to a pair 
of auxiliary. stones similar to the first stones, but set somewhat 
closer together. The stream from these stones reenters the main 
stream going to the stone reel. 

Hullers—The natural brown rice from the clean-rice side of 
the paddy machine is conducted to a set of so-called “ first-break 
hullers.”” The name “huller’” applied to these machines is mis- 
leading, as their purpose is to remove the bran layers from the grain 
which already has been hulled. The huller consists of a grooved, 
tapering cylinder revolving within a concentric hollow cylinder so 
spaced as to rub loose a portion of the bran coat with as little breaking 
of the grain as possible. In outward appearance it resembles a 
large sausage machine. 

After leaving the first set of hullers the loosened bran is separated 
in its passage through the first-break reel and constitutes the first- 
break bran. The rice goes to a second set of hullers similar to the 
first set, but adjusted to bring the parts more closely together, so as 
to remove a further portion of the bran coat. Again the stream 
passes through a reel which separates out the second-break bran. 

Pearling cone.—In some mills the bran is removed more gradually 
and some millers believe that the breakage is reduced by the use of 
a machine known as a ‘‘pearling cone.”’ This machine consists of a 
frustum of a cone covered with a composition stone which is sur- 
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rounded by a sieve mantel of heavy iron wire. The rice is fed from 
the top and is rubbed thoroughly between the cone and the sieve 
before passing out at the bottom. The severity of the scouring 
may be varied by raising or lowering the cone, thus decreasing or 
increasing its distance from the wire screen. One or two of these 
pearling cones are used in addition to one or two sets of hullers. 


The product taken off by the pearling cone is generally known as 


‘“‘pearling-cone meal’? and may be sold as such, although some 
mills make a practice of mixing this product either with their bran 
or polish, as demand or price may dictate. 

Brush.—During the milling in the hullers and pearling cone the 
rice becomes very warm, and, hence, before further treatment it 
is run to large cooling bins where it is allowed to remain for several 
hours. A further reason for collecting the grain in bins at this 
point. lies in the fact that a uniform flow of rice to the brush is 
necessary for good milling, and the brush handles rice much more 
rapidly than the hullers or pearling cone. It is therefore necessary 
to store the rice from the hullers and pearling cone until such an 
amount has been partly milled that a uniform feed for the brush 
machine is assured before it is started. From these bins the rice, 
which is now practically white in color, but is more or less rough 
and unsightly in appearance, is conveyed to the brush to remove 
more of the inner bran coat and to give the rice a smoother finish. 

The brush consists of a vertical cylindrical frame covered with a 
thick padding of soft leather strips. This frame revolves at a high 
rate of speed within a cylinder of wire screen. The rice enters at 
the top of the brush and is rubbed smooth by friction with the brush 
and screen while passing to the bottom of the machine. A con- 
siderable amount of heat develops in the brush, and it is found 
necessary to cool the brush by passing a stream of air upward through 
it. This air current carries with it a small amount of polish which 
is recovered in dust collectors. The material which passes through 
the screen of the brush, mixed with the small amount of material 
from the dust collectors, constitutes the rice polish usually found on 
the market. The rice leaving the brush machine is suitable for 
market, although, as a rule, it is separated into different grades by 
a system of screens or graders, and in many cases is given a high 
finish by the use of a small amount of glucose and tale. 

A graphic diagram of the mill process is shown in figure 1. 


ANALYSIS OF RICE AND ITS BY-PRODUCTS. 


With a few minor variations the process just described is followed 
in all rice mills. It results in three by-products, namely, rice hulls; 
a rice bran, consisting of a mixture of the stone-reel, first-huller, and 
second-huller brans; and rice polish. 
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Two general plans were followed in conducting the study of rice 
by-products discussed in this bulletin. A large number of mills were 
visited and samples of the various by-products were taken both 
before mixing and when ready for market. After the examination 
of these samples had been completed it seemed desirable to obtain 
more detailed information relative to the yield and character of the 
various products under carefully controlled and known conditions, 
and for this purpose special runs were made, during which each part 
of the reduction products was kept separate and was carefully 
weighed and mixed before sampling. 


CHEMICAL COMPOSITION OF BY-PRODUCTS FROM DIFFERENT MILLS. 


In reporting the chemical results on the first part of this investi- 
gation the analyses of similar products from all the mills have been 
grouped together in Tables 1 to 6, as follows: Rice hulls, stone-reel 
brans, huller brans and pearling-cone meals, mixed brans as sold by 
the mill, rice polishes, and miscellaneous samples of interest. In these 
tables each mill has been designated by a letter, so that the various 
products of any one mill may be followed, if desired. 


TaBLE 1.—Analyses of rice hulls. 


aeBH || Ratio of 
insolu- atio o * 
s : E Protein 
, Moist- ble in | insoluble| Crude Ether 
Mill. Sample No| “ure. | ASB- | ig per | ashto | fiber. Be extract. 
cent | totalash. 7s 
HCl. 
Per ct-)\Pencta\pPen ct Per ct. | Per ct. | Per ct. 
As oSedeeCen eee eee 25062—L 5.47.) 18. 80 17. 72 IL SIG OY/ 46. 82 2. 81 0. 64 
1B no SSCS Sees Aare 25067—L 6.91 19.12} 18.22 1:1.05]| 44.70 2. 50 1.15 
C 5 5. 00 18. 04 16. 78 1:1.08 36. 57 4.12 . 68 
DE 7.19 17. 31 16. 11 1:1.07 46. 48 3.16 1.10 
isd 8. 20 20. 01 18. 84 1:1.06 40. 95 3. 49 1. 22 
iY: 2 MeO \) 23a 20867; 1:1.04 | 40.96 PREYS -31 
Gas 6. 44 21.48 | 20. 66 1:1.04 41.16 2. 02 . 36 
ie 2 7.66 | 21.13 20. 24 1:1.04)| 40.46 3.68 | 4.77 
Jin 8. 85 17. 40 16. 70 e103 42.50 2. 20 77 
Ke=! 9. 25 20. 59 19. 67 1:1.04 39. 23 2. 94 - 83 
L 9. 37 22. 03 20. 98 iL Sale (0s) 38. 95 1.88 5/8) 
M 7.88 | 20.63 19. 88 131.03 43. 01 2. 56 . 67 
N 8. 28 16.40 | 15.27 1:1.07 | 44.29 3.14 1.31 
O 6. 31 20. 79 19. 97 1:1.04 39. 84 1.75 Hs} 
1? obo Socabe seo ee 11978—K 8.45 | 20.06 19. 35 eNOS 42.94 2513 OS 
Oh. SasS ARS AG Sea ae oem 15485—K 7.97 18. 14 Ze U/ 16S OG" eros O02 2. 85 - 82 
1h, ceeds ta eS oe 12604—L 9. 69 17. 24 16. 14 1:;1.06 41. 65 2. 64 1.04 . 
Seen) oe. Os. 12632—L 9. 43 19. 69 18. 90 1:1.04 39. 90 2. 69 1.17 
Ths aoe ek ae ...-| 15451—K 9. 38 20. 81 19. 90 OD 39. 39 2.08 - 51 
Wastes cede Re ee ameaenee an eae 17086—L 8. 93 21.35 20. 10 1:1.06 36. 57 252 . 86 
Masai hNeeN ees as seooleaeeeeseeace QH6OMI= 225035 eZ0 non | pea 46. 82 4.12] 1.31 
IM Granbaaye Tea Soa eee Ae ae at SOO | 140) 6 TR 2 nceacdoas 36. 57 116 753 ata 
Eonar ones. aul | Sueaousret: 7.93 | 19.54] 18.58] 1:1.05] 41.29] 2.66] .80 


1 Omitted from summary, as the mill was old and did not make separations properly. 


TABLE 2.—Analyses of stone-reel brans. 


Moist- 


Mill. Sample No. oe 
Per ct. 
25053—L 9. 31 
25068—L 9. 96 
25080—L 6.75 
25089—L 9. 26 
25157—L 9. 93 
25163—L | 10.69 
25183—L | 10.25 
11975—L 10. 37 
17061—L 10. 43 
15312—K 9. 34 
12654—L | 10.40 
12644—L 9. 80 
12612—L 8. 07 
12621—L 7. 03 
11980—K 8. 86 
15441—-K 9. 52 
12603—L 17.31 
1 12631—L 10. 45 
112664—L 8. 20 
215453—K | 10.95 
17088—L 14. 26 
11957—L | 14.37 
SDE RU aE ESoe Be eeo eee ee 17.31 
Seep eR Nahe ae Pg | 6.75 
Seen sce besos aoes es 10. 19 


Ash. 


Per ct. 
15. 96 
16.17 
17. 61 
12. 24 
13. 42 
15. 47 
14.58 
12.35 
13. 50 
14. 53 
16. 06 
16. 91 
14. 05 
19. 29 
13::22 
14. 98 
10. 80 
14. 74 
18. 98 

4. 69 
17. 67 
11. 60 
19. 29 
10. 80 
14. 97 
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i an Ratio of 

insolu- atio o - x 

ble in | insoluble | Crude en Ether 

10 per | ashto | fiber. 6.25), |eXtzact. 
cent | totalash. -25). 

HCl. 

Penick: Per ct. | Per ct. | Per ct 
12.16 Ths aleya/ 20. 40 10. 69 8.15 
13. 10 M1223 22. 63 7.69 7.30 
14.24] 1:1.24] 23.50 9.81 | 7.38 

9.12 MT 34 19. 14 11. 69 9. 09 
9. 44 1.21.42 15. 83 12. 44 | 11.08 
11.47] 1:1.34] 18.84] 10.31] 7.21 
11.61 | 1:1. 28.) 22401 9.22] 6.06 
8.37 MAT, 16. 15 11. 20 | 10.00 
9.70) 1:1.39] 18.26] 10.01 | 10.04 
10. 31 1, algal 23.35 11. 64 8.38 
12:84] 1:1. 25.) 18306 9.41] 6.56 
13553: '] 1) 3.1. 25° |) 222820 102008 sa73 
10.15 1135 17.19 10. 89 9. 48 
16.07 | 1:1.20] 24.62 7.49 | 6.59 
Ue (ES at ee (9) 9.40 | 11.19] 9.15 
12.18 | 1:1.20] 26.49 8.48] 5.15 
6. 85 tee 156 14. 35 11. 00 7.98 
PQA 021.215) a Ss42 9.78 | 6.65 
16. 85 ieakaB} 25. 05 8. 07 5. 78 
1215] Ph: 3.88 5.63 | 14.53 | 9.59 
12. 82 1 Oo BB Y/ 15. 72 10. 56 9. 47 
6.19} 1:1.87] 15.35] 12.86.) 13.54 
16; 854|en5.. soe 26.49 | 12.86 | 13.54 
GAL OR ieee | aes 9. 40 7.49} 5.15 
11.28) 1/21. 33) | OsS8 a MOS2 Te ese28 


1 Samples were taken from different runs of the same mill at intervals of approximately two months. 
2 Omitted from summary, as the figures reported on this sample are very abnormal, due to the remilling 


of broken rice. 
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TasLE 3.—Analyses of huller brans and pearling-cone meals. 


Ash 


insolu-| Ratio of 


é insolu- Protein 
: Sample Type of rice and Mois- Tan ea Sal eee h | Crude Ether 
Mill. No. by-product. ture. | “Sh. Bay pieash fiber. 6.98), |extract. 
cent ash. 
HCl 
BLUE ROSE: 
Nae RENE gs a 25056—L First-break hul- | P.ct. | P.ct. | P.ct. Pe ct: | -Race P.ct. 
ler bran........ 9.72} 7.44] 0.58] 1:12.82 | 8.42] 16.69 20. 00 
25069—L DO eae E 8.38 | 8.25] 1.2411: 6.65] 8.37] 15.81 19.35 
25158—L DD OU ae a 7.98 7. 64 -90 | 1: 8.50 8.37 15.94 20.12 
15313—K TD OU Pi ees 9.56 |. 9.34 -61 | 1:15.31 Meo, 16. 85 18. 89 
.| 12645—L 1DXO) a SOs eee a 10. 28 8. 67. 1.88 | 1: 4.61 9. 36 14.35 18. 91 
12665—L DOM 3 9.32 7.65 2.99 | 1: 2.56 9.34 | 13.68 15. 77 
1D ease 25155—L Second-break 
huller bran!... SHOSS rss lSs eon M12) 7.61 15. 06 16. 21 
Tie ae ate 15314—K DO ene 8.78 | 8.96 -87 | 1:10.30] 8.31 18. 64 20. 61 
14 RR ee eee 12646—L DOR a 10. 00 8.75 1.28 | 1: 6.83 7.85 14. 88 18. 21 
Deere a ait ath 12666—L DO Sse oe tk 10.38 | 6.48} 3.01 | 1: 2.15] 6.92] 11.37 10. 23 
(Opeeaece Sanaa 25081—L Mixture of first- ; 
and second- 
break huller 
Ibransj22jj.5- 502 8.97 | 5.00 -40 | 1:12.50] 4.13] 12.00 10. 97 
ID SACI eee eas 25091—L IDX aoe sane 7.62 | 7.07] 1.17] 1: 6.05] 7.79} 15.38 17. 56 
Bye: eran 17079—L IDS eRe ee 10.76 | 7.20 1.00 | 1: 7.20] 8.66] 15.33 17.94 
(0) eh ee en 12623—L WOs sete 7.48 | 10. 38 2.63 | 1: 3.95 | 10.13 14.11 20. 09 
AERP Re OA 12605—L DOwNe 13.28 | 4.70 .53 | 1: 8.86] 5.19] 11.37 10. 44 
1 RY efor ei ae 12606—L IDX eee 9. 96 4.63 49 | 1: 9.43 2.28 10. 71 10. 78 
TU) Foe AS RN 17087—L PAD Oa kel Ste 10.54 | 8.89] 1.88] 1: 4.72] 8.97] 16.09 19. 96 
BAIN, Se A 25059—L Pearling-cone 
miealeeo le 2 6.87 | 8.20] 1.04 | 1: 7.90] 8.54] 17.06 19. 42 
AES Ber Seve ee 25074—L IDO RE Soe 9. 68 7. 84 72 | 1:10.90 3.95 15. 00 16. 20 
NO) Si EE Ai 25097—L Dos Te 8.93 | 7.56 -80 | 1: 9.16} 5.83] 14.56 18. 55 
A Gocgeoneenes 17071—L Pearling-cone 
meal (Ist)....- 8.99 | 8.57 55 | 1:15.58 | 45.10} 14.98 16.38 
Sena see tee 17073—L Pearling-cone 
meal (2d)... .. 9. 28 7.55 54 | 1:14.00 3. 26 14, 06 16.98 
DGS eee 17075—L Pearling-cone 
meal (3d)----- 9. 31 6. 27 -55 | 1:11.40 1.41 13.14 13. 61 
HONDURAS: 
Cie see 25189—L First-break hul- 
ler bran ....... 8. 87 8. 44 1.10 | 1: 7.67 7.87 15.25 17. 64 
Ne ae ees 25101—L DOSS eee 8. 80 8.17 1.00 | 1: 8.17 7.39 15. 88 18. 33 
PAE Siren vee 11981—L DD) OR Re 10.53 | 9.52 | 1.59] 1: 5.98 | 7.72] 13.97 17. 21 
Iie o eee Oe eae 12657—L DD One RpLE Sites 10. 58 7.98 82 | 1: 9.73 6.92 14.48 17. 02 
CO) ob AB esaoe 15442—K DD) OW RNR 8.97 | 7.60 -61 | 1:12.50 | 8.28] 17.67 18. 58 
Gsssessseen 25190—L Second-break 
huller bran... 7. 44 9. 72 1.01 | 1: 9.63 7.41 14. 28 eA 
1B ots Ch see ee oe 25198—L UD oye is ogee 9.77 | 9.75 -51 | 1: 1.95 |, 8.98 | 14.56 18.94 
eles Sea e eee 11983—L LO aE 11.05 | 10.09 PEW Vals Che} 9, 72 12. 40 13. 92 
Te hae oe ee 12658—L SD YOS Aras ones 10.87 | 9.76 .63 | 1:15.49 | 5.09 | 14.27 15. 78 
Oye ras Smee 154438—K Does Hue hae 8.77 8. 32 -61 | 1:13.60 8.52 17. 41 19.88 
(Ole eats a 15445—K First pearling- 
cone meal..... 6.83 | 9.40 -60 | 1:15.60 | 4.09 | 16.80 16.10 
Qree ay 15446—K Second pearling- 
cone meal..... 7.62] 5.83 17 | 1:34.30} 1.62] 16.45 9. 56 
JAPAN: 
INGER See eee 12614—L First-break hul- 
ler bran .....-- 9.63 | 7.32 | 1.27] 1: 5.76 | 10.70] 15.01 18.77 
IN Gece e ne ae 12615—L Second-break 
huller bran... - 10.36 | 7.49 | 1.01} 1: 7.41 7.90 | 15.27 17. 57 
Wise doe aoe 11958—L Mixture of first- 
and second- 
break huller 
bransieeene. 13.67 | 8.68] 2.80] 1: 3.10] 9.83 | 13.50 14. 49 
MIXTURES OF DIF- 
FERENT TYPES: 
P....--.-_...| 11981—K First-break hul- 
ler bran 4.....- 7.51 7.91 1.63 | 1: 4.80 8. 62 14.05 14.95 
Srey a 12633—L DORR CE: 11.99 |} 8.02} 2.47) 1: 3.24] 8.61 14.00 15. 43 
A COS aa 15454—K DONG ey: 3 9. 29 7.42 | 2.79 | 1: 2.66 8. 50 13. 91 9.70 
TRO as ee ee 11982—K Second-break 
huller bran 4... 9.05 9.08 TSP als 7560) 6. 87 13. 82 14.79 
Sewn oekee es . 12634—L Do. 11.05 | 6.84] 3.37] 1: 2.03 | 9.72] 10.94 8. 52 
ONC eS ae 15455—K 8. 56 Toil) 1.72 | 1: 4.14 5.90 13. 87 9. 76 
Witiatcniloleae Ree eaes «Coe secesseuedaceseee aes NEYOS |! HOES) BES \sesesasss 10. 70 18. 64 20. 61 
INiirantaaen eA eee See | OLA eee 6. 83 4.63 Biel ease cee ors: 1.41 10. 71 8. 52 
SGT CEN Carat | settee emma Harley Monen areas 9.45 8. 02 1.29 | 1: 6.22 ees 14. 72 16. 30 


1 Mixture of red rice with Blue Rose rice. 

2 Direct from hullers; abnormal; omitted from summary. 

3 Samples were obtained from poor rice that was heavily milled and are abnormal. 
4 Mill was not operating. 

5 Mixture of Blue Rose and Honduras. 

6 Abnormal. 
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TaBLe 4.—Analyses of mized brans as sold by the mill. 


eh a meio of 
F Mois- soluble | insoluble | crue | Protein | Ether 
Mill. Sample No.| 7 Ash. | in10 ash to = 
Pp ture. percent} total. | fiber. |(NX6.25).lextract. 
HCl. ash. 
Per ct. | Per ct. | Per ct. Per ct. | Per cent. | Per ct. 
AC So=. v.. - asec akios 1 25061—L 7.88 13.08 8.48 1:1.54 17. 83 12.06 | 11.75 
| 25073—L 10. 46 10.54 4.66 1:2. 26 12. 26 14.06 | 15.7 
25077—L 9.11 13.38 6. 44 1:2.08 12.96 13250)) 152 7 
25099—L 8.85 8.33 3.52 M2537, 10. 64 14.13 | 14.77 
25159—L 9.37 8.59 2.44 1:3.52 9.54 15.44 | 17.48 
25166—L 7.78 11.81 4.77 1:2. 48 11. 45 13.88 | 13.51 
25191—L 10.62 | 10.16 4.10 1:2.48 | 11.20 13.19 | 14.48 
25199—L 10. 02 10.06 3.30 1:3. 04 11.01 13.78 | 14.63 
11984—L 10.39 | 10.57 4.03 122562) | 10:74 13.23 | 14.85 
17077—L 8.70 9.83 3.84 1:2.56 | 10.95 13.60 | 15.55 
15315—K 8.59 | 10.66 2.90 1:3.67 | 10.81 16.65 | 16.75 
12659—L 10.72 11.15 5.39 1:2.07 10.58 12.41 | 12.84 
12647—L 9.50 10. 62 4.04 1:2. 62 11.91 14.26 | 17.49 
| 12618—L 9. 84 8.64 3.33 1:2.59 12.19 13.26 | 15.37 
| 132624—L 7.84 12.10 6.42 1:1. 88 13.95 11.88 | 15.50 
| 11983—K 9.66 9. 64 Byes} 1:2. 80 10. 40 13.39 | 13.89 
15444 -K 7.85 8.72 2. 24 1:3.90 9.61 16.53 | 16.03 
| 212609—L 10.67 9.60 4.86 PeLa7 11.72 11.37 | 12.80 
1 12638—L 9.80} 10.50 6.7 e575) eal O 10.94 | 10.10 
Sees. Se. eee ee 1 12668—L 9. 23 10.98 7.51 1:1. 46 13.90 10.25 | 10.82 
Sits.) feeeee ae ee ee | 1 12669—L 8.27 12.08 7.59 1:1.59 18.51 11.05 | 13.46 
Seeeh Se 3 See eee 1 {2670—L 8.81 9.92 5233 1:1.86 11.70 12.40 | 13.89 
Re a 53 See eee 315456—K | 10.59 7.31 4.04 1:1.81 9.37 12.34 | 5.97 
AS. fs. SE ee 415457—K 8.60 7.85 3.94 1:1.99 11.07 13.39 9.74 
Week. eee | 17093—L 10. 45 8.40 4.19 1:2.00 10.54 12.86 | 13.08 
NY fA ESS, 55 cee ea 11959—L 15.00 9.70 3.85 1:2.52 12.60 12.68 | 13.40 
Maxime’ sip serie ee = eae 15.00 13.38 Gs44 lease seen S | 12.96 16.65 | 17.49 
IMinimtmpes 2 eae eee ee a ) Sets 7.85 DE DA EERE so epiee 9.54 11.88} 9.7 
‘A veragesis sb esos Saeco eee 9.65 10.03 3.78 UES ari) 11.28 13.79 | 14.7 


| 


1 Omitted from summary, as ground hulls probably had been added to sample. 

2 Omitted from summary, as mill was milling abnormal, damaged rice. 

3 Omitted from summary, as mill was running on a mixed lot of broken rice. 

4 Sample was taken from a lot of bran ready for the market. Exact history of bran unknown. 


TABLE 5.—Analyses of rice polishes. 


ae a eattolot 
7 Mois- sotune jinso'ub’e! Crude | Protein | Ether 
Mill. Sample No.| Ash. | in 10 ash to = 
ig ture. percent] total. | fiber. |(NX6.25).extract. 
HCl. ash. | 
Per ct. | Per ct. | Per ct. Per ct. | Per cent. | Per ct 
25060—L 9.10 5.53 0.39 1:14.19 | §3.67 13.44 | 13.68 
25075— L 11. 04 6.02 -53 P35 2.69 13.50 | 11.67 
.| 25084—L 10.10 6. 44 .83 I (SB7 rb) DPS 12.25 | 10.15 
1 25085—L 10.49 3.42 41 1: 8.35 1.89 10.69 | 25.72 
25097—L 9.44 4.56 . 64 TL fabs 2.20 12.69} 9.10 
25161—L 10.13 4.25 sey 1:13.29 1.76 12.63 9.13 
| 3 25172—L 11.30 7.96 iGrhL US ly 2.45 14.19 | 10.73 
3 25171—L 13.03 3.19 - 43 1: 7.42 .94 12.13 | 24.24 
25178—L 10.57 4.68 24 1:19.51 1.38° 11.06 8.59 
11990—L 10.08 4.37 -30 |) 1:14.56 .99 TS O28 wrereds 
417078—L 9.88 3.07 Soul 1: 9.90 -56 10.93 | 25.61 
[Keer :. See ese 15316—K 5.64 2.07 - 40 lgeaysily/ 2.29 9.31 | 12.02 
| Dey ee 2 ee, Ce 12660—L 9.81 | 4.75 -30 1:15.88 BULL 11.91} 8.51 
11), BSE Vea eh 0 he ee | 12651—L 9.29} 5.46 -54 1:10.11 LYS 15.24 | 12.34 
INE Ge Spee ep = ee 12617—L 8.56 | 4.44 47 1: 9.44 2.27 12.55 | 12.10 
ORR a oi 2 . SR SP ees } 12625—L 3aL 9.61 1.03 1=°9.33 2.52 13.52 | 17.75 
pees ee ee 11984—K 9.37 SaL28 Re este See se sears 1.90 12.38 8.38 
180s anh a os AS Sa 5 12608—L 9. 65 2.43 et Pe ar LG BY fs} 1.74 7.87 | 6.39 
Serre cok ae eae, <°: 12635—L 10. 22 5.95 -96 |} 1: 6.20 2.10 13.10 | 12.27 
LT SRE Re nt Se ae ee | §15458—K 7.50 4.42 15407)" 253516 3.08 12. 21 6. 29 
(Oi Sage ee ee ee 17089—I, 8.70 6.40 ialy/ 1: 5.47 3.39 11.94 | 12.98 
NY ie eae, 8 dade: So tere 11962—L 6.68 5.81 1.28 1: 4.54 2.60 11.89 9. 22 
(Maxim tin aaa ete ae eee arc cae 13.03 9.61 4: 405 ese 3.67 15.24 | 13.68 
Minimise eee ae eee 5. 64 2.07 3244 Fo Seeeeae | 56 7.87 6. 29 
AV CTAR Ossett eee | senicceer cies 9.45 4.97 64 1: 7.76 2.07 12.11 9.75 
i | 


1 Polish from a second brush. 

2 The figures for ether extract in these samples are not representative and were not used in obtaining 
minimum percentage. 

3 These two polishes are mixed before being put upon the market. 

4 In this mill the rice is scoured by three pearling cones before it is sent to the brush. 

5 Low-grade rice that was heavily milled; polish abnormal. 

6 Remilling mixed lot of broken rice; polish abnormal. 
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TaBLE 6.—Analyses of miscellaneous samples of interest. 


iach | Ratio of 
: Yen Mois- ble in ASoluble) op yqe|Protein| Ether 
Mill. |Sample No.| Description of sample. “ai, Ash. | 19 per asl te fiber. (NX ex- 
cent -25). | tract. 
HCl ash. 
Per ct. | Perct.| Perct. Perct.| Per ct. | Per ct. 
A....| 25054—L | Light or blighted grains 7.43 | 18.60 | 16.80 |1: 1.10 | 35.70 5. 80 2. 80 
from monitor. 
A....| 25058—L | Blighted grains mixed 8.60 | 16.20 | 13.10 |1: 1.24 | 26.70 8. 90 6. 60 
with stone-reel bran. 
A....| 25055—L | Rice, Blue Rose type, from 13.80 | 1.10 .04 [1:27.50 | 0.96 8. 60 2. 00 
: clean side of paddy ma- | 
chine. 
C...-| 25079—L | Dust from dust collector 8.40 | 29.90 | 25.50 }1: 1.17 | 12.60 7. 80 3. 80 
connected with hull 
grinder. 
F....| 25176—L | Brown rice from package 10.30] 1.30 .08 | 1:16.25 . 80 7. 80 1.90 
as found on the market. 
sae 11989—L | Polish taken from brush 9. 49 7. 28 MOON est oraanl 210 11.75 12. 38 
machine by air blast. 
J.....| 17060—L | Light or blighted grains 10. 21 | 17.40 | 15.90 |}1: 1.09 | 32.97 4,81 15:25 
from monitor. 
Kee 5310 Ker]: ee 1) OMe Sniney= ches e cbece 9. 28 | 16.40 | 14.47 |} 1: 1.13 | 29.90 6. 72 1.48 
P....| 11979—K | Ground and bolted rice 7.98 | 19.84 | 18.69 |1: 1.06 | 36.72 3'.56 -93 
hulls from mill. 
eae 13449—K | Bran standardized with 10.89 | 10.48! 6.04 )1: 1.70! 12.80] 11.28 8.91 
ground hull.1 
ieee 18452—K |..... IDO}! (Se Uae es seamen 10. 34 | 11.64 6.51 }1: 1.70 | 16.03 11.64 10. 38 
Q..--| 15438—K | Ground and bolted rice 5.55 | 18.91 | 17.62 |1: 1.07 | 36.01 3. 76 1.10 
hulls from mill. 
Qs 15433—K | Light or blighted grains OS26N Bloat anole o4al eal lON le 27603 7.96 1.55 
from monitor. 
OFF 15436—K_ | Dust from dust collector 6.40 | 27.71 | 24.89 | 1: 1.10} 17.08 7.00 2.99 
connected with hull 
grinder. 
G....| 25183—L | Rice, Hondurastype, from 14.80 | 1.20 .20 |1: 6.00 - 96 8.90 2. 20 
clean side of paddy ma- 
chine. 
S.....| 12636—L | Polish taken from brush 9.80] 6.68] 1.38]1: 4.77] 2.04] 13.16 13:15 
: machine by air blast. 
U....| 17090—L |..... IDO. dbSeareceeeGse GeeeBe 8. 49 8.35 .88 }1: 9.48] 3.65 13. 69 18.99 


1 Shipped unlabeled as 20 per cent fat + protein. 
MILLING AND CHEMICAL RESULTS ON CONTROL SAMPLES FROM A TYPICAL MILL. 


The second part of the work consisted in the collection and analysis 
of the several reduction products obtained under carefully controlled 
and known conditions. A typical rice mill of moderate size was 
selected and through the courtesy of the owners representatives of 
the department were given control of its operation. Arrangements 
were made to spout the various bran streams separately and to collect 
and weigh each portion of a given run as it was taken off. Samples 
were drawn from each stream and were analyzed separately. A 
complete feed analysis was made of the by-product samples and a 
moisture determination of the rice at various stages of milling. Four 
lots of rice were milled in this manner. a 

Lot A consisted of No. 1 Blue Rose type rice. This lot contained 
little or no red rice and was of as good grade as is ever used for mill- 
ing. It cupped 42 pounds to the bushel. The regular adjustment of 
the stones and hullers was used in milling this rice. 

The milling results on this lot are given in Table 7. 
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TaBLe 7.— Yield of by-products and cleaned rice obtained from the milling of 13,935 
pounds of No. 1 Blue Rose type rice. Lot A. 


[Quantity of rice milled: 71 bags or 86 barrels of 162 pounds each; total weight, 13,935 pounds]. 


Cleaned rice and by-products. Yield. Cleaned rice and by-products. Yield. 
Pounds. | Per cent. Pounds. | Per cent. 
ES. : . eee ee 2, 706.0 19549 | PR OliSher memes se nein: ica 397.0 2.9 
Brans: Headiritere sane. 2. eee 7, 900.0 56.6 
Stone reel (25.2 per cent)... 294.5 2.1 || Second-grade rice........----- 1,130.0 8.1 
First break (33.6 per cent). 391.5 228} ||| (BIewelsimicessaee oases 270.0 1.9 
Second break (a1.2 per Chickenticed= 25523. se 100.0 0.7 
Cent) aaa 2 ee 481.0 OFA: | RWIASLO resem e tert e? nn: eae 265.0 1.9 


The laboratory results on the samples from this run are shown in 
Table 8. 


TaBLE 8.—Chemical composition of by-products and of rice at different stages of milling 
No. 1 Blue Rose type rice. Lot A. 


_ Ash Ratio of 
insoluble | insoluble| Crud 
Sample No. Description of sample. Moisture.) Ash. in 10 aChito fibe e 
er cent ete 
Pp Hal, _ | totalash 
| Per cent. | Per cent. | Per cent. Per cent. 
11t996—L, |BHULSEEee epepene chee. seuss temeeee 7.51 17.90 17.59 1:1. 02 43.19 
11993—L | Stone-reel bran...................----- 8.91 13.46 9. 62 1:1. 40 23. 54 
12675—L | First-break bran.................-..-.- 9. 28 7.43 1.03 1:7. 21 9.13 
12677—L | Second-break bran.................---- 9.91 7.24 1.19 1:6. 08 7.83 
Calculated analysis of mixed bran...-..- 9.45 8.87 3.26 1:2. 71 12.23 
12679—L : |BRiceppolish ssh seen se. eee 8. 87 7.39 -60)]) 242532 1.59 
11991—L | Rough rice before milling.............- 1195 | 3-2 teal i o-o ee Seen eee Cee 
11992—L | Cleaned rough rice...............-.-..- AV 67 430 Seek|.. ec 32 | eee eee 
11995—L | Hulls and bran after the monitor.....--. 8.845)". 2ices-o.|.... 2. ope eee 
11997—L | Rice after stone monitor going to paddy. 12.68: | -cesecess.|---+ oon eeesooe eel Eeeeeeeeee 
11999—L | Rice from rough side of paddy machine. TO Becca = pene Saemmeseee | ononoesea|-s025--5- 
11998—L | Rice from clean side of paddy machine. 12533) | Sooos2c 2 2-|-< - =~ 225 eRe eee ee 
12000—L | Rice after first-break huller screen... ..- AEG ee eee al | Ol  consots 
12678—L | Rice after brush machine.............- 12.300). 032525.6.2).4... Se ae 
12678—L | Riceafter brush machine (finely ground). 11.07 0.30 | 0.01 1:30.0 0.37 
x 2 Protein Ether Nitro- Pento- 
Sample No. Description of sample. (N X6.25).| extract. gen-itee SS. Starch. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
1996—T ||| Je ISE eae eek So 2. ee ee 1.93 0.59 28. 88 16. 73 1.25 
11993—L | Stone-reel bran...................----- 9.68 8.61 35. 80 12.95 7.82 
12675—L | First-break bran................------- 14.93 L : b 
12677—L | Second-break bran._.............-..... 14. 60 
Calculated analysis of mixed bran...--- 13.47 
12679—L | Ricepolishes 4262 so 05 ees. 2 eee 12.7 
11991—L | Rough rice hefore milling.............-|..--..-.-- 
11992—L, | Cleaniediroughiricess =. 22. _. 4. eee shee } 
11995—L | Hulls and bran after the monitor.......|........-.-.|..-------- 
11997—L | Rice after stone monitor going to paddy.|--..------ 
11999—L | Rice from rough side of paddy machine.}.....-.--- 
11998—L | Rice from clean side of paddy machine.|}......---- 
12000—L | Rice after first-break huller screen......|...-..---- 
12678—L | Rice after brush machine..............]......---- 
12678—L | Rice after brush machine (finely 
SrOUNG) =. -eser i asse0 3b sce a tee 7.87 
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Lot B consisted of No. 3 Blue Rose type rice. This lot contained 
considerable red rice and some cracked and over-ripe grains, and was 
of very ordinary quality. It cupped 43 pounds to the bushel. The 
stones were lowered to the usual height, the hullers set loose, and fed 
at regular speed. The rice was brushed with large feed on brush. 
The whole process was regulated throughout to preserve the grain 
rather than to obtain a highly milled rice. 

The milling results on this lot are given in Table 9. 


TaBLE 9.— Yield of by-products and cleaned rice obtained from the milling of 36,080 
pounds of No. 3 Blue Rose type rice. Lot B. 


{Quantity of rice milled: 183 bags or 222.7 barrels of 162 pounds each; total weight, 36,080 pounds.] 


Cleaned rice and by-products. Yield. Cleaned rice and by-products. Yield. 
Pounds. | Per cent. Pounds. | Per cent. 
TS RDU OS 5/5 Ss Sener te 6, 872 IKON) DECI Sa ee Cee 1,179 3.2 
Brans: 1B (SNC AY OLe ea a 22,000 60.9 
Stone reel (29.3 per cent)... 755 251 | BLOW OL SILICOn eos aa sae 2, 880 8.0 
First break (30.4 per cent). 727 2.0 || Chicken feed....-.......-..-. 150 0.4 
Second break (40.3 per | AWIASCOR Ree wae sie ceneteere storie 516 1.4 

Cent) Ree cs fee osc. 1,001 PAT 


The laboratory results on the samples from this run are shown 
in Table 10. 


TaBLE 10.—Chemical composition of by-products and of rice at different stages of milling 


No. 3 Blue Rose type ricz. Lot B. 
Ash 
f : Me Pas Batio of aus Protein ae Nitro- 
ample REA in ois- uble in | insoluble | Crude ther | gen- 
No. Description of sample. ture. Ash. 10 per | ash to fiber. BES extract.| free 
cent |totalash. rare extract. 
HCl. 
Per ct. | Per ct.| Perct.| Perct. | Perct.| Per ct.| Per ct.) Per ct. 
18066—L | Rice hulls............-. 5.87 | 20.01 19. 76 1:1.01 38. 72 2.08 0. 47 32.85 
18063—L | Stone-reel bran........-- 7.52 | 15.28 | 12.52 1:1.22 | 20.35 9.47 8. 02 39.36 
18071—L | First-break bran.....-.-. 7.30 ie (al 1.42 1:5. 43 9.03 14.93 20. 20 40. 83 
18073—L | Second-break bran... .-. Coca |) Cote 1.34 1:5. 80 7.72 | 14.68} 19.51 43.07 
Calculated analysis of 
mixed bran............ 7.35 | 10.04 4.76 1:2.32 | 11.94] 13.17 | 16.22 41.29 
18075—L | Rice polish.............. 6.38 | 8.01 0.91 1:8. 80 4.45 | 13.48 | 19.04 48. 64 
18061—L | Rough rice before milling TE Oe EMRE ac SO Sealine Saar | Neer teen ate IES C5 esl ea 
18062—L | Cleaned rough rice... .-. 10 52) Be Ree ae Seo ooc WSAaBocree ae ese eee blo oud dallaaanicee 
18064—L | Rice, bran, and hulls 
aitenStonewereres. ose. MOE TG) ceo Rac aS ec I nk EIU ne Le Sere 
18065—L | Hulls and bran from 
stone monitor. .......-. GD iN 5 afas 2/1 Ct sree a est AU RSE PSE TY AANA © “232 7 | RIO | ME 
18067—L ! Rice from monitor going 
to paddy------.2..28- DOS, 3ed beara (RE ec 11 ce S| (ee RA alba Oey Sa ee 
18069—L | Rice from rough side of 
paddy machine...-.... DORE 72 |.5 eI Se AEE UL TS | CE 
18068—L | Rice from clean side of 
paddy machine. ...... DAV eT i | 22 S| RI eo pc CU te) EE 
18078—L | Rice after first-break reel. BEETS QO |e. espe | eee SL oe Neer IE Nal eT ae yea (eae 
18072—L | Rice after second-break 
huller reel. ....-.....- TOSS I ese 27 | ee RR ETE rn aC ee EM 1k 6 Sse | AR ee RR a 
18074—L | Rice after brush machine TUSTENS nf ceareee ese) a) oes ei el a Pee een Soe cls Hee sus 
18074—L | Rice after brush machine 
(finely ground) ........ 10.51 | 0.46 0.03 | 1:15.3 0. 56 8.03 0. 64 79. 80 
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Lot C consisted of No. 4 Japan-type rice. This lot contained 
considerable red rice and was light and chaffy on account of imma- 
ture grains. It cupped 40 pounds to the bushel. In milling this 
rice the stones were set lower and the hullers set very loose. 

The milling results on this lot are given in Table 11. 


TaBLE 11.— Yield of by-products and cleaned rice obtained from the milling of 24,380 
pounds of No. 4 Japan-type rice. Lot C. 


[Quantity of rice milled: 129 bags or 150.49 barrels of 162 pounds each; total weight, 24,380 pounds.] 


Cleaned rice and by-products. Yield. Cleaned rice and by-products. Yield. 
Pounds. | Per cent. Pounds. | Per cent. 
150 Er 4,560 18 :4/4il PAR OLSHES Seen oss eict secs sic oe 868 Sao 
Brans: Heasdbricesmersees een. scat 15, 500 63.5 
Stone reel (21.0 per cent). - 406 12'63)|| Brewelisiticess. 2 oseeen. aoe 1,440 5.9 
First break (41.8 per cent).| 806 SiSH WWESLOMe ree ane e oe salon 83 0.3 
Second break (37.2 per 
Cent) 2) Seeeen sese cee ees 717 2.9 


The laboratory results on the samples from this run are shown in 
Table 12. 


TaBLE 12.—Chemical composition of by-products and of rice at different stages of milling 
No. 4 Japan-type rice. Lot C. 


ample eee Mois- : insoluble | Crude rotein ther 
No. Description of sample. ture. Ash. a os ash to | fiber. |(NX6.25).|extract. eeuttee 
Pp ‘| total ash. ce . 
HCl. 
Per ct. | Per ct.| Per ct Perce Per ct. | Perct. | Per ct 
12886-L | Rice hulls...........-- 6.19 | 18.46 17. 85 1: 1.04 | 39.98 2.49 1.08 31.80 
12683-L | Stone-reel bran......-. 10.28 | 13.89 9.90 1: 1.40 18.09 9.89 9.87 37.98 
12691-L | First-break bran....... 9.56 | 9.26 3.82 1: 2.42 10. 82 12. 56 14. 54 43.26 
12693-L | Second-break bran..... 9.25 | 7.02 1.02} 1: 6.88 Uoalys 13.62 | 16.53 46.41 
Calculated analysis of 
mixed bran........-- 9.60 | 9.40 4.06 | 1: 2.35] 10.99 | 12.39} 14.30 43.32 
12695-L | Rice polish.......-..-- 8.17 | 5.93 0.43 1:13.79 2.18 11.67 P2522, 59.83 
12680-L | Rough rice before mill- 
ing See See se: ATE 99: | 2.2 sen VE SAS RE MN See se clase eae 2] be Eee ee eee 
12684-L | Rice hulls and bran | | 
afteristones: S.-2---)- 1D an EE ee eee eh aeral Sooo seoae lagers | 2 eee lore oto- 8 | aoe 
12685-L |} Hulls and bran from | | 
stone monitor......-- 226.1) 228 he ee eee ia ne ee eer BApeeose cc) | c2eecso|coscene 
12687-L | Rice from stone moni- | 
tOlSseeseecteceeisnsts D204 oe ee J--------|----+-+---/-----+-- | oo ~'seie ghee Eee 
12689-L | Rice from rough side of 
paddy machine...... AI. 5L |)... sc) eee ctecealeeiee 2 4- | Beet oe - see Rey eee 
12690-L | Rice after first-break 
hullerreelesa---=-- 5- 1GLED) BABS Sai iE Se Se Seen alls os Sees |< ojo = eee =i Bee Sl eee 
12692-L | Rice after second-break | 
hullerreelescee a... 12.47 |. oo esl oce bdlee wc ase d ees te 38 ee eee 
12694-L |} Rice after brush ma- 
Chin@s: See boseo-ae 12.380). -sisinc|eecee eulaes- +. -2-|seedeee] ssc -e Sass Bees Coa 
12694-L | Rice after brush ma- : | 
chine (finely ground) 10. 57 0.38 .09 1: 4.22 0. 47 | 7.00 0.59 80.89 
| | 


Lot D consisted of No. 1 Honduras-type rice. This lot was shghtly 
seedy and weather damaged. It cupped 41 pounds per bushel. In 
milling, the stones were raised on account of the long grain, and the 
hullers were set very loose, as in milling rice of the Japan type, and 
were fed slower. 

The milling results on this lot are given in Table 13. 
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Taste 13.— Yield of by-products and cleaned rice obtained from the milling of 35,970 
. pounds of No. 1 Honduras-type rice. Lot D. 


[Quantity of rice milled: 186 bags or 222 barrels of 162 pounds each; total weight, 35,970 pounds. ] 


Cleaned rice and by-products. Yield. | Cleaned rice and by-products. Yield. 
Pounds. | Per cent. Pounds. | Per cent. 
EDD ES eyerate se aie = sa ao 1n/zeeieevateieie = 7, 532 PSG) |) deteexol e355 Son oocoouccadoueee 15, 000 41.7 
Brans: Second-grade rice..........-.. 5, 000 13.9 
Stone reel (29.1 per cent) -. 878 2.4 || Third-grade rice.............. 2, 100 5.8 
First break (34.3 per cent). 1, 033 2.8 || Brewer’s rice................- 960 2.6 
Second break(36.6 per cent ) 1,101 3:1) |\sChickeniieede aes - eee eee ee 400 il 
ROLISHERa Nese. ica. c eemete sd 1, 225 3. Za Wiasteuente ae fo 00 ee ek TAL Dei; 


The laboratory results on the samples from this run are shown in 


Table 14. 


TaBLeE 14,—Chemical composition of by-products and of rice at different stages of milling 
No. 1 Honduras-type rice. Lot D. 


| ae a iatig. Pro- ny 
. soluble | of insol- : itro- 
soeple Description of sample. Mois? Ash. | in10 | uble ash peu (ND pe gen-free 
: j per cent} to total “16 25) ‘\extract. 
HCl. ash. Sree 
, Pct.) =| Pct: | Pact: PNiChse | Rchss |) Pact P. ct 
18051-L | Rice hulls.............. 8.50 | 20.33 | 19.29] 1: 1.05] 37.24 2.09 0. 50 31. 34 
12698-L | Stone-reel bran......... 9.63 | 15.75 | 12.80] 1: 1.23] 22.14 9.36 6. 51 36. 61 
18056-L | First-break bran........ 9.77 7. 26 74 1: 9.81 7.60 15. 99 18.38 41.00 
18058-L | Second-break bran...... 9.55 | 6.94 .77 | 1: 9.01 5.92 | 14.93 | 15.75 46. 91 
»| Calculated analysis of 
mixed bran........... 9.65 | 9.62 4.27 | 1: 2.24] 11.22) 13.67] 13.96 41. 88 
18060-L | Rice polish..-.......... 7.93 | 7.05 .52| 1:13.56 2.19] 13.45 | 13.48 55. 90 
18052-L | Rough rice before mill- | 
TNS eis os 7) es Meas oUollecer eae aca SaSeEeeal Ss ceased ats sacc seaaeacee 
12697-L | Cleaned rough rice....-. 1B BGS RAE Fees oo ejse| Soci aera ee earn cel eee here aeccce 54] EEstoror 
12699-L | Rice, bran, and hulls | 
after stone.........-.. 1D a Me EE Bias collages ence be mes ee (S Sah eeel Bie. Oo ae Baaeeeee 
12700-L |.Hulls and bran from | 
Stone: eae aa) (ey ue RACEAE BID Bod 65 cal Me comacaenl Gantt al idedeies lsorbcdad maereere 
12696-L | Rice from monitor going 
topadGdiyAmeeseeeee sasl elie (Ane eee eescs6 cll saan enatina Maaco aoa cosa ace aaonllassorsacs 
18053-L | Rice from clean side of \ 
paddy machine....... T2E 085 | 2822 asdace cal lecaorteined Besscpote ao cemraa laeso coro scoraace 
18054-L | Rice from rough side of 
paddy machine....... OG sar Po Meer e eS ed Rte sib os ool Sys eSBs ret Lc a ge coe ee Psi ss cal accra re 
18055-L | Rice after first-break 
hullersss sey ss NEG OM eae eet ees cs | leas a ei sen | Os a Re rer ro eS 
18057-L | Rice after second-break 
nillerse eee PA Gel Rae ees ees ict scl IPod ae ee totes ene a tel eerste | Lo NB ee 
18059-L | Rice after brush ma- 
Chine <b pee ee es: 1Oae Bn se [sic doco ae SHES a eereesacd sta maaea bp sodnoollssenopde 
18059-L | Rice after brush ma- 
chine (finely ground).| 11.41] .33 .03 | 1:11.00 .59 | 9.71 .54| 77.42 


INTERPRETATION OF RESULTS. 


CONTROL PRODUCTS. 


‘A few interesting comparisons may be made from the milling 
results. The percentage of hulls from a given lot of rice varied from 
18.7 per cent to 20.9 per cent, the lowest figure being for lot C of 
Japan-type rice and the highest figure for lot D, Honduras type. 
The yield of useful rice by-products—that is, all the brans and the 
polish—varied from 10 per cent for lot B to 11.7 per cent for lot D. 
As lot B was very lightly milled, this variation would be expected, 
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The yield of finished rice of all grades varied from 64 per cent for lot 
D to 68.9 per cent for lot B, showing, as would be expected, that a 
high yield of rice corresponds to a low yield of by-products. The 
percentage of the bran coat taken off at the four stages varied greatly. 
It would seem that more satisfactory milling results might be ob- 
tained if it were possible to make the reduction at each stage more 
nearly uniform. 

The chemical results given in Tables 8, 10, 12, and 14 show many 
interesting features. The moisture of the rough rice is seen to be 
mainly in the kernel, as the moisture of the hull in all cases was 
markedly less than that of the other samples. A lower moisture 
content was found in the several by-products than in the rice itself. 
This may be due in part to the interior of the kernel having a higher 
moisture content than the exterior portions, but probably is due 
mainly to the drying of the by-products by the heat developed in 
the milling process. This theory is supported by the fact that the 
polish is of lower moisture content than are the brans. 

The ash in the stone-reel bran from the four lots of rice milled ap- 
proximated 15 per cent, showing the presence of hulls in this bran. 
This also is shown markedly by the ash insoluble in hydrochloric acid, 
which averaged about 11 per cent, as compared with about 1 per 
cent for the huller brans and polish. Lot C, composed of Japan-type 
rice, was the only lot that showed a high insoluble ash in the first- 
break huller bran. This is accounted for probably by the fact that 
the small grains of rice of the Japan type do not separate so well in 
the paddy machine as do other types of rice. 

A marked tendency for the ether extract to exceed protein was 
observed in all brans, particularly in those from Blue Rose rice, which, 
in general, are higher in ether extract than, and have approximately 
the same amount of protein as, brans from the other types of rice. 
The relation of ether extract to protein gives some indication as to 
the addition of hulls, since hulls contain considerably more protein 
than ether extract, and their addition to the bran tends to bring the 
determinations for these two constituents more closely together than 
would be the case if the bran were free from hulls. This has been 
observed in the case of so-called 20 per cent brans, which have 
been standardized to 20 per cent fat plus protein by the addition of 
hulls. The trade custom of rating rice bran on the basis of the fat 
plus protein content is of long standing. 

The percentage of crude fiber decreased markedly as the reduction 
process was continued. “The high figures for stone-reel bran are, of 
course, due to the presence of hulls. The determinations of pentosans 
and starch made on samples of lot A appear to furnish no information 
regarding the products not given by the other figures. 


a 
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In the calculated analyses given in Tables 8, 10, 12, and 14, for the 
mixed brans as they would ordinarily appear on the market, the ash 
in all cases was 10 per cent or less, the insoluble ash in all cases was 
below 5 per cent, and the fat plus protein ranged from 26.7 per cent 
to nearly 30 per cent. The crude fiber was always above 10 per cent, 
a figure considered by many chemists to be the limit for a pure rice 
bran. The nitrogen-free extract approximated 40 per cent. This 
figure, however, seems to be of little use in determining the char- 
acter of the product, except that in some cases a high figure may 
confirm the presence of a large amount of broken rice. 

The results show that rice polish is characterized by very low acid- 
insoluble ash, by low crude-fiber value, and by high nitrogen-free 
extract. Itshould have a fat plus protein content above 20 per cent. 
The rice polish in lot D was somewhat abnormal for the reason 
that, on account of the light milling to which the rice had been sub- 
jected, the portion taken off in the brush machine consisted in part of 
the material which usually would be taken off in the second-break 
hullers. . 

ALL SAMPLES. 

A consideration of the chemical results on all samples taken shows 
that all the rice hulls examined were very high in both ash and fiber 
and were of such low protein and fat content as to have practically no 
feeding value. In addition, their physical structure renders them 
harmful to animals if fed in too large amounts. 

The stone-reel bran was uniformly much higher in total ash, acid- 
insoluble ash, and crude fiber, and was lower in protein and fat than 
were the huller brans. This was due to the presence of the hulls 
which entered the stone-reel bran after they had been broken up by 
the stones. The analysis of this by-product would indicate that 
usually it contains from 25 to 50 per cent of hulls. The huller brans 
were nearly all very low in fiber and acid-insoluble ash, showing their 
comparative freedom from hulls, and were high in protein and fat. 
Their composition would make them a very rich feeding stuff if used 
alone. At present, however, huller brans are not used for feeding 
purposes, partly for the reason that they do not keep well and partly 
because millers always have made a practice of including the product 
of the stone reel in their bran. This mixture is the bran as com- 
monly found on the market and contains an amount of hulls from the 
stone-reel bran which would seem to add materially to the keeping 
qualities of the product, and at the same time to give a feed acceptable 
to the consumer. This product, when produced under known condi- 
tions that preclude the addition of ground hulls, should contain over 
26 per cent fat plus protein. It should not exceed 13 per cent of 
crude fiber or 5 per cent of ash insoluble in hydrochloric acid. 
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All the chemical determinations given in the tables are of value in 
judging the nature of by-products of rice found on the market. The 
presence of rice hulls in rice bran is indicated at once by high ash, 
particularly insoluble ash, and by a low ratio of insoluble to total ash. 
Rice hulls also are indicated by a high crude-fiber content. Low 
figures in protein and fat may be due to an excess of hulls or to an 
excess of broken rice due to poor material or careless milling, but, 
when they are considered in connection with the figures for ash and 
fiber, the character of the product can be judged accurately. 
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INTRODUCTION. 


Because of the increasing importance of the pecan industry the 
Bureau of Entomology’in 1913 established a field station at Mon- 
ticello, Fla., for the purpose of studying pecan insects under the most 
advantageous conditions. The writer was placed in charge of the 
investigations, under the direction of Dr. A. L. Quaintance. In the 
spring of 1914 Mr. A. I. Fabis was detailed to assist in the work of 
this station. Extensive investigations, covering a period of nearly 
four years, have shown the value of certain repressive measures for 
the control of some of the more injurious pecan insects and have 
resulted in the compilation of considerable data on their life histories 
and natural enemies. One of the principal insect pests with which 
the pecan grower has to contend is the pecan leaf case-bearer (Acro- 
basis nebulelia Riley). ‘The present publication is intended to give the 
information now available concerning the life history and control 
of this insect. 

The writer wishes to thank the various pecan growers who have 
rendered assistance in this work. 


1 Acrobasis nebulella Riley; order Lepidoptera, family Pyralidae, 
102524°—17—Bull. 571—1 
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HISTORY. 


The pecan leaf case-bearer (Acrobasis nebulella) was first described 
by Riley in 1872 (1),1 under the name Phycita (Acrobasis) nebulo 
Walsh var. nebulella, from a single specimen reared from wild erab 
(Crataegus sp.). In 1887 Ragonot (2) described this insect as a 
“new species,’ naming it Acrobasis palliolella, and in the following 
year Hulst (3) also described it as ‘“‘new to science,” under the name 
Acrobasis albocapitella. In 1890, in Hulst’s article on “The Phyci- 
tidae of North America” (4), albocapitella Hulst is listed as a synonym 
of palliolella Rag., and Riley’s original description of this insect is 
given under the name Mineola wndiginella Zell., var. nebulella. 
Ragonot (5), in 1893, in his ‘‘ Monographie des Phycitinae et des Gal- 
leriinae,” treated Riley’s nebulella as a variety of Acrobasis indiginella 
Zell., and Acrobasis palliolella as a distinct species, giving albocapi- 
tella Hulst as asynonym. ‘The same classification is given in Dyar’s 
“List of North American Lepidoptera” (7), except that the species 
indiginella is placed in the genus Mineola. In Florida, in 1901, 
Gossard, then State entomologist (6), mentioned injury to pecans by 
Mineola juglandis and <Acrobasis caryae, but the writer is of the 
opinion that some of this injury, if not all, should have been attributed 
to the pecan leaf case-bearer (Acrobasis nebulella Riley). In 1902 
Gossard (8) again made brief mention of what was undoubtedly this 
species under the name ‘‘pecan bud-worm.” Fiske (9), in 1902, 
under the caption ‘‘Notes on certain injurious insects in Georgia,” 
gave life-history notes and suggested remedies for the pecan leaf- 
crumpler, which was presumably the insect discussed in this publica- 
tion. The following year (1903) Chittenden (10) reported damage 
to pecan buds in Georgia by this species, and Herrick (11), in 1904, 
referring to Chittenden’s report of injury in Georgia durmg 1902, 
gave notes on Acrobasis sp. It would appear that the life-history 
notes given in Herrick’s article pertain to the pecan bud-moth 
(Proteopteryx bolliana Sling.) and not to the pecan leaf case-bearer. 
In 1905 Gossard (12), still the Florida State entomologist, gave an ~ 
extended account of this insect, but unfortunately confused some of 
his notes and photographs on this species with those of the pecan 
bud-moth. In 1909 Herrick (14) published a bulletin on this species, 
giving remedies and incomplete life-history notes, as based on its 
occurrence in Texas. During the same year (1909) Dyar (13), under 
the caption ‘‘ Notes on the species of Acrobasis, with descriptions of 
new ones,” gave notes on both A. palliolella Rag. and A. nebulella 
Riley, stating that he ‘‘expects it will be found that pallolella is not 
more than a variety of nebulella Riley.” 

Worsham (15), in 1910, made a brief mention of this species as an 
important pest of pecan in Georgia, and in the following year (1911) 


1 Reference is made by number to ‘‘Literature cited,’’ p. 27. 
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Chittenden (16) included it in his paper entitled ‘“‘Insect enemies 
of the pecan.” Gossard (17), in 1913, under the caption ‘‘ Various 
insects affecting nut trees,” gave a short account of this species 
and stated that errors crept into his publication (12) on insects of 
the pecan, with regard to the pecan case-bearer and the pecan bud- 
moth. The life history and habits of the pecan leaf case-bearer were 
given by the writer in a paper read during the meeting of the Florida 
State Horticultural Society in 1914. | 
The foregoing paragraphs include the more important references 
to this species in so far as the writer has been able to determine them. 


SYNONYMY. 


Dr. Dyar’s position on the synonymy of certain species of Acro- 
basis is defined in the following advice under date of August 4, 1914, 
given in answer to an inquiry of the writer: 


Pallioletla is the male, nebulella the female of one species I believe. The males are 
generally whiter over thorax and base of wings. Nebulella (1872)=palliolella 
(1887). 


The synonomy of Acrobasis nebulella Riley is as follows: 


Phycita (Acrobasis) nebulo Walsh var. nébulella Riley, Fourth Ann. Rept. 
Ins. Mo., 1872, p. 41. 

Acrobasis palliolella Ragonot, Diag. N. A. Phyc., 1887, p. 4. 

Acrobasis albocapitella Hulst, Ent. Am., 1888, p. 116. 


It seems advisable to note that in 1909 Dyar (13) made the follow- 
ing statement concerning Acrobasis nebulella Riley: 


This name is listed as a variety of Mineola indiginella Zeller, but Riley’s type 
before me is clearly an Acrobasis and differs from palliolella only in the gray color of 
thorax and base of forewings. Minimella Rag., made to replace Hulst’s nigrosignella 
by Ragonot and referred to the synonymy of caryae Grote by Hulst, will find place 
here as a Synonym. 

DISTRIBUTION. 


The pecan leaf case-bearer is a native insect and is distributed 
more or less over the same territory as is its preferred hosts, the vari- 
ous hickories. “The following records show that it is quite widely 
distributed throughout the United States. The distribution for 
Acrobasis nebulella Riley and Acrobasis palliolella Rag., along with 
certain notes as given by Dyar (13), is as follows: 


Palatka, Fla., on pecan, issued May 27, 1903; Olustee, Fla., June, 1904; Black Jack 
Springs, Tex. (through Dr. Wm. Barnes); Cairo, Ga., issued June 7, 1903; Blackshear, 
Ga., on pecan, issued May 28, 1902 (W. R. Williams); Washington, D. C., on walnut, 
issued June 7, 1903 (August Busck); Chicago, IIl., July 1900 (Coll. W. B. Kearfott); 
Atlanta, Ga. (W. M. Scott); Kerrville, Tex., at light, May 30 to June 1, 1906 (F. ©. 
Pratt); Blackshear, Ga., on pecan, issued June 12, 1902 (Dept. Agr. No. 8637); Rhine- 
beck, N. Y., July 27, 1888 (H. C. Dyar), the last a Femelle and the ‘uetaie? therefore, 
less certain. 
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H. M. Russell reported this species as reared from pecan on May 
18 and 20, 1908, at Orlando, Fla. (Chittenden No. 348), and D. K. 
McMillan, at one time connected with the bureau, recorded it on May 
25, 1908, from pecan at Brownsville, Tex. (Chittenden No. 1045). 
The material on which Riley based his description was probably 
collected in Missouri, and the material on which Hulst (3) described 
this insect under the name Acrobasis albocapitella was taken in Canada 
(Ontario). Fiske (9) reported it from Georgia, Gossard (12) from: 
Florida, and Herrick (14) from Texas (Cuero and College Station). 
The writer has seen it occurring in injurious numbers on pecan in 
Florida, Georgia, Alabama, Mississippi, Louisiana, and Texas. It 
has been reported to be injurious in South Carolina, and it is also 
known to occur in North Carolina and Virginia, but in these States 
apparently it does only minor damage. So far as is known, this in- 
sect ranks as a serious pest only in the southern part of the pecan- 
growing area, but from the foregoing records it can be seen that 
the species is quite widely distributed over this country. 


FOOD PLANTS. 


In his original description, Riley (1) gave wild crab (Crataegus sp.) 
as the food plant from which a single specimen was reared. Dr, 
Dyar (13) made the following statement: ‘‘I have 23 specimens 
before me, 4 bred by Dr. Riley on hickory and walnut, including 
the type of nebulella,’ and he also gave numerous records of its 
occurrence on pecan. Dr. Dyar (13) also gave a record made by 
Mr. August Busck in which this insect was reared from walnut on 
June 7, 1913, at Washington, D. C., and Mr. M. M. High (14) found 
it on wild hickory near College Station, Tex. Gossard (12) reared 
it in abundance from the pecan in Florida, and Herrick (14) states 
that he ‘“‘reared many specimens from pecan at Cuero, Tex., where 
it was very abundant and doing serious damage.’ There are also 
many other records of this species occurring on pecan. So far as 
the writer’s experience goes, the larve have been observed feeding 
upon hickory, Japanese walnut, and pecan, and moths have been 
reared from material collected on pecan and hickory. The writer 
has not yet found the black walnut to be attacked, although not 
infrequently that species has been found growing in close proximity 
to badly infested pecan trees. According to the writer’s observation 
and experience it is very difficult to find larve on various species of 
Hicoria other than H. pecan, even in sections where this species ranks 
as a pest in pecan orchards. This species shows a decided preference 
for the pecan, and in many sections of the South it is the most 
injurious insect affecting the culture of this nut. 

In making observations in pecan orchards in localities where this 
insect occurred in injurious numbers, an apparent varietal resistance 
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STAGES AND WORK OF THE PECAN LEAF CASE-BEARER (ACROBASIS NEBULELLA). 


Fic. 1.—Eggs. Fic. 2.—Larva and case. Fic.3.—Pupa. Fie 4.—Adult, or moth. Fig. 5.— 
Larval cases on pecan leaflet during thesummer. Allenlarged. (Original.) 
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PLATE II. 


WorK OF THE PECAN LEAF CASE-BEARER (ACROBASIS NEBULELLA) 


Fic. 1.—Hibernacula, or winter cases, around pecan bud. 


Fie. 2.—Pecan trees defoliated by 


larvee in thespring. F1Gc.3.—Completed larval cases where pupation takes place. Figs.1and3, 


enlarged; fig. 2, reduced. (Original.) 


Bul. 571, U.S. Dept. of Agriculture. PLATE III. 


WORK OF THE PECAN LEAF CASE-BEARER (ACROBASIS NEBULELLA). 


Fie. 1.—Pecan buds injured _by larve in the spring. Fic. 2.—Larval cases on compound pecan 
leaf during the summer. Fic. 3.—Work of nearly matured Jarve on pecan foliage. Fig. 4.— 
Work of larve on pecan foliage at blossoming time. All slightly reduced. (Original.) 
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to its attacks was noticed. Such varieties as the Frotscher, Van 
Deman, Nelson, Pabst, Schley, Delmas, Stuart, and Success were 
badly infested, while the Mobile, Georgia, Havens, Teche, Waukeenah, 
Moore, Moneymaker, and Curtis were slightly infested. No reason 
can be given for this apparent varietal resistance, but it may be 
stated in general terms that pecan trees with very small leaves seem 
less likely to be heavily infested by this insect. Unfortunately, many 
of the best commercial varieties of pecan are subject to attacks by 
this pest. 
CHARACTER OF INJURY. 

The most serious damage to pecan occurs during the early spring. 
The larvee feed voraciously upon the unfolding buds and leaves, as 
is shown in Plate Ili, figure 1. Just as the buds are bursting, the 
little overwintering ‘‘worms”’ gnaw their way out of their hibernacula 
(winter cases), which invariably are to be found snugly packed around 
the buds. Usually they migrate immediately to the tips of the 
swelling buds, upon which they partake greedily of their first meal. 
Upon leaving hibernation quarters some larve have been observed 
eating directly through the side of the buds, instead of entering at 
the tip as is usually the case. As these larve begin to work very 
early in the spring it takes but little feeding to inflict serious injury. 
On badly infested trees it is not uncommon to see from three to five 
larve, and sometimes more, entering a single bud. Under these 
conditions there is little chance for even partial development of the 
foliage. As the larve when in sufficient numbers are capable of 
eating the green foliage as rapidly as it appears, it is not unusual for 
the trees to remain defoliated for a considerable length of time. The 
writer has seen pecan trees kept in this condition for several weeks 
solely because of the attacks of this pest. On such trees the buds 
turn brown as a result of the feeding of the larve, and a block of 
badly infested trees takes on the appearance of blight by fire. (PI. 
II, fig. 2.) When the infestation is less severe the larve web and 
tie the tender leaves together into masses, which soon become 
unsightly due to the wilting of the leaves and the presence of particles 
cf excrement and larval cases with which they are united. (PI. III, 
figs. 3,4.) Late in the spring, when about half grown, the larve 
attach their cases to the leaf petioles, draw the leaflets together, and 
feed freely. (PI. I, fig. 3.) 

After having kept the trees in a defoliated condition for some time 
and, therefore, when pressed for food, these insects occasionally 
attack both blossom and leaf buds by burrowing directly into the 
ends. When thus deprived of their foliage the trees are fairly certain 
to become so devitalized as to be unable to make proper growth 
during the remainder of the season or to form fruit buds for the 
following season. Indirectly the trees suffer by becoming much 
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more susceptible to attack by certain wood-boring insects and less 
able to withstand drought in summer. 

During the summer and early fall the larvee, then very small and 
feeding but little, will be found attached to the underside of the 
leaflets in brownish, minute, tortuous, and winding cases (PI. I, fig. 5; 
Pl. III, fig. 2), which greatly resemble at a glance brown spots such 
as might be caused by certain fungi. These tiny cases are enlarged 
only as it becomes necessary for the larvee to build their way to new 
feeding areas. A detailed description of the larval cases as they 
appear during the summer and fall months is given on page 7. So 
far as the writer has observed, the injury caused to the fohage during 
the fall is so slight that the leaves do not fall prematurely. 


DESCRIPTION. 


THE EGG. 


The egg is elliptical in outlne, somewhat convex above and 
flattened below. Viewed with the hand lens the surface is quite 
smooth, but under higher magnification it is very faintly punctate. 
When first deposited the egg is white with a slight greenish tinge, 
translucent, and iridescent in some lights. The empty shell is white. 
The average size of five eggs was found to be 0.55 by 0.33 mm. (0.0216 
by 0.0129 inch). The eggs are deposited singly on the underside 
of the leaflet and usually at the junction of the veins with the midrib. 
Moths confined in rearing cages (battery jars) have been noticed 
sometimes ovipositing upon the upper surface of the leaves, but in 
no case has the writer observed such oviposition under natural 
conditions. (Pi. I, fig. 1.) 

THE LARVA. 

Upon hatching the larva is a little less than a millimeter (0.039 
inch) in length. The head and prothoracic shield are brown in 
color, while the rest of the body is of a much lighter shade of brown. 
When extended the full-grown larva averages about 14.5 mm. 
(0.5708 inch) in length by 2.0 mm. (0.0787 inch) in greatest width. 
The head is round, shiny dark brown or blackish in color, and slightly 
rugose. The general color of the body is very dark green, except 
the prothoracic shield, which is somewhat lighter. The shape of 
the larva is nearly cylindrical, tapering slightly at both ends, but 
more posteriorly than anteriorly. The body is sparsely covered 
with fine long hairs and on either side of the dorsal surface of the 
second thoracic segment is a small well-defined tubercle, from the 
black center of which arises a fine hair. The skin, especially in the 
thoracic region, is quite wrinkled, there being a pair of ecrescentic 
folds on the dorsum of the second and third segments. Rudiments 
ot these folds are evident en the other segments, but they are not 
prominent. The first four pairs of prolegs are quite short, only 
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about one-half the length of the anal pair. The pedal end of each 
proleg is armed with two concentric ridges of minute claws or hooks. 
The thoracic legs are brownish, with a tinge of olive green, and each 
terminates in a single claw. (PI. I, fig. 2.) 


THE LARVAL CASES. 


* When first hatched the larva begins to feed upon the leaf surface 
about the egg. Soon after it constructs a brownish case out of 
excrementitious grains and a lining of grayish-white silken threads. 
The base of the summer case, as is shown in Plate I, figure 5, is 
invariably placed near the midrib. ‘The case is enlarged by building 
away from the midrib in whatever direction the larva may chance to 
feed, and as the larva extends its feeding pasture in one direction and 
then in another the case soon assumes a very tortuous course. 
Throughout its entire length the case is securely attached to the 
under surface of the leaflet. It is composed of a rather flimsy 
texture of silken threads and pieces of excrement or frass, with the 
larger end open, and under this protection the larva extends its 
feeding area unnoticed. While the larva confines its attacks to the 
underside of the leaf, the upper surface becomes deadened and 
presents a brown patch, which becomes disintegrated, due to the 
effects of the weather. (Pl. ITI, fig. 2.) 

In the autumn, before the foliage begins to drop, the larve migrate 
to the buds, where they construct very small, oval, brown cases 
(hibernacula), measuring about 1 mm. (0.039 inch) in diameter, in 
which they pass the winter. (Pl. II, fig. 1.) These brown cases 
are lined smoothly with whitish silken threads, and are covered with 
excrementitious particles and bits of bark and bud scales which ren- 
der them rather difficult;of detection upon superficial examination. 

The cases of the matured larvee as they appear in the spring are 
made of particles of frass, or grains of excrement, which are very 
closely woven together by means of fine silken threads, and are lined 
inside with a smooth surface of grayish-white silk. (Pl. H, fig. 2.) 
The finished case averages about 18 mm. (0.70 inch) in length, 
and is slightly enlarged in the middle. It is always attached to the 
petiole of the leaf by means of a foot stalk of grayish-white silk. 
The larva, as a rule, draws down and fastens two or more leaflets 
about its case, usually feeding upon the tips of these leaflets from this 
shelter. At first the case is rather loosely woven and slightly curved, 
but before the larva reaches maturity the case becomes straight with 
the unattached end larger than the attached one. The completed 
case, which is of a brownish-gray color, is so compactly constructed 
and tough that it can be torn only with great difficulty. Just before 
the larva pupates it seals the distal end of the case with a rather 
flimsy layer of silk. 
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The pupa (PI. I, fig. 3) is of the usual form and without conspicuous ~ 
markings. When first formed it is of a dark-brown color, with a 
tinge of olive green, but with age it changes to deep shiny mahogany 
brown. ‘The dorsal surface of the abdomen is finely punctate. The 
average size of five individuals was found to be 8.1 mm. (0.318 inch) 
by 2.26 mm. (0.088 inch). The pupa is formed within the case, and 
the pupal skin is not extended upon emergence of the moth. 


THE ADULT OR MOTH. 


The pecan leaf case-bearer was first characterized and named in 
1872 by Riley (1) as Phycita (Acrobasis) nebulo Walsh variety nebu- 
lella. The original description is as follows: 


I have bred a single specimen from wild crab (Crataegus) which differs in some es- 
sential features from the normal form, but which nevertheless can only be considered a 
variety of it, as I observed no larval differences. It differs in the more uniform and 
subdued tone of the front wings, the markings being more suffused and indistinct; 
but principally in the relative narrowness of the space outside the transverse posterior 
line, the greater consequent width of the middle area, and smallness of the triangular 
brown spot—the space it occupies on the inner margin being scarcely one-half as 
wide as that between it and the transverse posterior line. The discal spots are also 
separated. Described from one good specimen. 


A less technical description of the moth is as follows: 


The moths measure from 14 to 18 mm. (0.55 to 0.70 inch) across the expanded 
wings, and they present a wide variation in color. The head, palpi, thorax, base of 
forewings and legs are distinctly snow-white in the specimens of males, while in the 
females these parts are more or less dusky gray. ‘The abdomen is more or less white, 
washed with fuscous. The outer two-thirds of the forewings are gray with blackish 
patches, or spots, which vary to some extent. The discal spots are invariably sepa- 
rate and distinct. Not far from the base of the forewings is a reddish-brown stain, 
which is very faintly evident in some of the lighter colored forms. The hind wings 
are ashen gray and darker toward the outer margin. (PI. I, fig. 4.) 


SEASONAL HISTORY AND HABITS. 


The seasonal-history records were obtained at Monticello, Fla., 
during 1913, 1914, and 1915 in an open-air insectary, in which glass 
jars were’used as rearing cages. In all rearing work pertaining to 
life-history studies pecan foliage was employed. 


THE ADULT AND EGG STAGES. 


The time of emergence.—From material under observation during 
the season of 1913 it was determined that moths emerged from May 
9 to July 12, inclusive. The cages, upon which the general emergence 
records are based, were examined daily. The dates of issuance of 
269 individuals are shown in the following table: 
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TaBLE I.—Time of emergence of moths of the pecan leaf case-bearer during 1913 at 
Monticello, Fla. 


Number} Date of || Number| Date of || Number] Date of || Number} Date of 
of emer- of emer- of emer- of emer- 
moths. | gence. moths. gence. moths. gence. moths. gence. 
1913. 1913. 1913. 1913. 

1| May 9 3 | May 30 4] June 14 7| June 29 
1| May il 3 | May 31 7| June 15 8 | June 30 
1| May 12 4/June 1 4) June 16 4| July 1 
1| May 13 5 | June 2 6 | June 17 9| July 2 
3 | May 15 4! June 3 9} June 18 2| July 3 
2| May 16 1| June 4 16 | June 19 4/July 4 
2| May 21 1) June 5 9} June 20 4/July 5 
5 | May 22 6| June 6 4) June 21 3] July 6 
1| May 23 9| June 7 8| June 22 21 July 7 
7 | May 24 10 | June 8 7| June 23 2| July 8 
2| May 25 12| June 9 4) June 24 2] July 9 
1| May 26 2/ June 10 3 | June 25 3 | July 10 
6 | May 27 7 | June 11 7| June 26 4/ July 11 
5 | May 28 3 | June 12 6 | June 27 3 |) July 12 
1| May 29 3 | June 13 6 | June 28 


-As is shown in Table I, the time of emerging of all moths varied 
from May 9 to July 12. The greatest number of moths to emerge 
on any one day was 16, and these individuals issued on June 19. 
There was no marked period when the vast majority of adults came 
forth, as is sometimes the case with certain species. A summary of 
Table I shows that 45 emerged from May 9 to 31, 78 from June 1 to 15, 
and 104 from June 16 to 30, making in all for June a total of 182; 
and 42 from July 1 to 12. Most of the moths issued during the 
month of June, and somewhat the greater number during the latter 
half of the month. In pecan orchards moths were not commonly 
seen until the early part of June, and by the middle of July they 
were rarely observed; but belated individuals were met until the last 
days of July. 

Rearing cages to determine the emergence of moths during 1914 
were examined daily, except on June 7, 14, 16, 21, 28, July 5, 12, 19, 
26, and August 2. The dates of issuance of 385 individuals are 
shown in Table IT. 


TaBie I1.—Time of emergence of moths of the pecan leaf case-bearer during 1914 at 
Monticello, Fla 


Number | Date of || Number | Date of || Number | Date of || Number | Date of 
r of emer- of emer- of emer- of emer- 
moths. | gence. moths. gence. moths. gence. moths. gence. 
1914. 1914. 1914. 1914. 

1 | May 15 4|June 4 3 | June 22 8| July 8 

4| May 18 2|)June 5 20 | June 23 4| July 9 

3 | May 20 2) June 6 38 | June 24 5 | July 10 

2| May 21 3| June 8 22 | June 25 6 | July 11 

4 | May 22 3} June 9 14 | June 26 1| July 13 

1 | May 23 5 | June 10 13 | June 27 5; July 14 

6 | May 25 7 | June 11 22} June 29 4} July 15 

2| May 27 7 | June 12 13 | June 30 2) July 16 

2 | May 29 8 | June 13- 14) July 1 5 | July 17 

2| May 30 13 | June 15 9] July 2 1 | July 21 

2| May 31 6 | June 17 15 | July 3 4| July 27 

7) June 1 2| June 18 13 | July 4 2| July 29 

6 | June 2 3 | June 19 ll | July 6 2; Aug. 4 

4) June 3 7 | June 20 5 | July 7 2) Age 5 
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As is shown in Table II, the first moths of the season issued on 
May 15 and the last adults appeared on August 5, making a period 
of 82 days for the emergence of all individuals. The maximum 
emergence for a single day occurred on June 24, when 38 moths 
issued. A summary of Table II shows that 29 moths emerged from 
May 15 to 31, 238 from June 1 to 30, 114 from July 1 to 31, and 4 
from August 1 to 5. Out of 238 moths to issue in June, 71 came 
forth during the first half of the month, while 167 emerged during 
June 15 to 30, which marks the period of maximum emergence. It 
is to be noted also that of the 114 moths issuing during July 100 
emerged from July 1 to 14. So far as the records go, the last moth 
observed in the field was on August 1. From July 20 to the close 
of the month there was an extremely sudden decrease in the number 
of adults in the various pecan orchards in which observations were 
made. 

During the season of 1915 rearing cages to determine the emer- 
gence of moths were examined daily, except on June 13, 15, 17, July 
6, 13, 15, and 22. The dates of issuance of 591 individuals are 
shown in Table ITI. 


Tasie III.—Time of emergence of moths of the pecan leaf case-bearer during 1915 at 
Monticello, Fla. ‘ 


Number | Date of || Number | Date of || Number | Date of | Number | Date of 
of emer: of emer- of emer- of emer- 
moths. gence. moths. gence. moths. gence. moths. gence. 
1915. 1915. 1915. *} 1915. 

2| May 22 6 | June 5 31 |} June 21 6| July 4 

3 | May 24 20 | June 6 31 | June 22 13 | July 5 

1 | May 25 11 | June 7 24 | June 23 22 | July 7 

1 | May 26 5 | June 8 12 | June 24 7| July 8 

4 | May 27 7 | June 9 6 | June 25 6| July 9 

2| May 28 8 | June 10 14 | June 26 10 | July 10 

10 | May 29 22 | June 11 11 | June 27 13 | July 11 

1 | May 30 22 | June 12 16 | June 28 || 5 | July 12 

2| May 31 33 | June 14 16 | June 29 10 | July 14 

16 |} June 1 12 | June 16 6 | June 30 3 | July 16 

5 | June 2 12 | June 18 16 | July 1 1 | July 17 

21} June 3 16 | June 19 10 | July 2 2} July 21 

6| June 4 28 | June 20 22| July 3 2| July 23 


As shown in Table III, the first moth of the season issued on May 
22. and the last adults appeared on July 23. A summary of Table 
III shows that 26 moths emerged from May 22 to 31, 417 from June 
1 to 30, and 148 from July 1 to 23. Out of 417 adults issumg during 
June, 235 appeared from June 16 to 30, which period marks the time 
of maximum emergence. It should be noted also that of 148 moths 
emerging during July, 140 issued from July 1 to 14. 

The habits of moths in pecan orchards.—When the moths are at rest 
the wings are folded rooflike on the abdomen and the head and 
anterior part of the body are held in a somewhat elevated position. 
During the day the moths prefer to frequent the weeds at the base of 
the trees, but they-are also to be found hiding in the dense foliage of 


THE PECAN LEAF CASE-BEARER, Trt 


the lower limbs. When disturbed they fly rather reluctantly from 
their places of concealment, but their flight is usually so rapid that 
it is quite difficult to follow them, although the distance traveled 
may be only a few feet. When alarmed, moths hiding in the débris 
around the base of trees often work their way into the dead leaves 
rather than take wing, and because of their protective color they are 
likely to escape detection. 

Length of life of moths.—The average length of life for 26 aduits 
was found to be 4.8 days, the maximum 10, and the minimum 2. 
Data bearing on the length of life are insufficient to give any generali- 
zation. : 

Oviposition and the length of egg stage.—It was very difficult to get 
reared specimens of moths to oviposit in confinement, but moths col- 
lected in pecan orchards iaid eggs rather freely in some instances in 
rearing cages, upon both surfaces of the leaves. Under natural con- 
ditions moths oviposit only upon the underside of the ieaflets. The 
ereatest number of eggs recorded as having been deposited by a 
single individual was 182, which were laid by a moth collected in the 
field on July 20, 1916. The eggs were deposited as follows: 157 on 
July 21, 22 on July 22, and 3 on Jury 23. The records show that a 
period of from three to five days elapsed between the time of emer- 
gence of moths and the time of oviposition. Tables [V and V show 
the length of the egg stage. 


TaBLE 1V.—Length of egg stage of the pecan leaf case-bearer at Monticello, Fla. 


Date moths i A = Length 
were placed in Date obey i- | Date of hateb-| “4; ese 
cage. Pp } stage. 
Y Days. 
June 15,1913) June 17,1913 | June 24, 1913 7 
IWOsSeeuce June 18,1913 | June 25,1913 7 
Doses ie: June 19,1913 |...-.- do...-.--- 6 
IDO soessee June 20,1913 | June 26,1913 6 
June 30,f914 | July 2,1914 | July 7,1914 7 
July 13,1914 | July 16,1914 | July 24,1914 8 
Naximiinee so) A. 2s eee | 8 
AMI rare he ie Ro i eae rs ie ek 6 


As shown in Table IV, the length of the egg stage was from 6 to 8 
days. The moths used in obtaining these records were collected in 
the field, and from data on hand it is impossible to compute the 
average length of the egg stage. Upon emerging from the eggshell the 
larva feeds upon the leaf surface at the place where the egg is 
deposited. 
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TaBLE V.—Length of egg stage of the pecan leaf case-bearer at Monticello, Fla., in 1915. 


Number of " Alla 
eggs from ate o ate of 
which lar- | oviposi- | hatch- Length of 
veeemer- | tion. ing. | 88 Stage. 
ged. 
1915. 1915. Days. 
1 | July 17 | July 23 6 
1 |..-do-....| July 24 7 , 
4 | July 18 | July 26 8 
18 | July 24 | Aug. 1 8 
Tales oee 2) Ass 2 9 
7 | July 31 | Aug. 6 6 
60 |...do....) Aug. 7 7 
2 | Aug. 4 | Aug.11 7 
23 | Aug. 5 | Aug.12 7 
1 .-do. Aug.13 8 
ee eae e =— 
Maxim um's-2ceeceseeeeeeeree 9 
Minimumies® seem cee ceecccee 6 


Average for 118 individuals..| 7. 14+ 


It will be noted from Table V that the average length of the egg 
stage for 118 individuals was 7.14 days, the maximum 9, and the 


minimum 6. 
THE PUPA STAGE. 


Of the larve under observation that transformed to pupe during 
1913, the first pupated on April 20, while during 1914 and 1915 the 
first pupe did not appear until May 5. During the season of 1914 
the actual time of earliest pupation was, perhaps, a trifle earlier 
than recorded, since in cages in which only the daily emergence of 
moths was observed the dates of pupation were not taken, and some 
moths from the cages issued as early as May 15. It is very likely 
that some larve in these cages transformed to pupe during the last 
few days of April. 

During the year 1913 the length of the pupa stage was determined 
for 66 individuals, as is shown in Table VI: 


TaBLE VI.—Length of pupa stage of the pecan leaf case-bearer at Monticello, Fla., during 
1915. 


Date of— Date of— 
sine Dersas | Se Deysas 
viduals. | PUPa- | Emer- | pupa. || viquals. | PUPa Emer- | pupa 
z tion. gence. tion gence. 
1913. 1913. 1913. 1913. 

1 | Apr. 20 ay 13 23 1 | May 21] June 8 18 
2 | Apr. 25 | May 15 20 2 |...do....| June 9 19 
ia|eeedos May 16 21 3eies-do..--| June) 1 21 
1 | May 2] May 21 19 1 |..-do...-| June 12 22 
2 |...do.. May 22 20 1 |...do....| June 13 23 
1 | May 4] May 24 20 2 | May 22 | June 11 20 
2 ieMtaye G4 eed ole. a 18 2 |...do....| June 12 21 
2 | May 8| May 28 20 1 |...do..-..| June 13 22 
1 | May 9] May 27 18 1 | May 23 | June 15 23 
1 edo) May, 31 22 2 | May 27 | June 17 21 
1 | May 11] May 30 19 2 | May 29] June 19 21 
1 |...do...-| June 1 21 1 | May 30] June 20 21 
4 | May 12] June 2 21 3 | May 31 |...do.... 20 
1 | May 13 |...do..... 20 1 | June 1} June 21 20 
3 | May 14] June 3 20 1 .-do June 23 22 
1 Pedoeees| suUne no, 22 2! June 2) 2 )-dosmeee 21 
1 ray, a June 3 He een ee a 
5 ay 1 une 7 1 
Deo Han So Wana 83 20 AV CLAS Oreeec- a= aa-eeeeees 19. 89 
37 Mitdou gael dune) 9 21 Maximus eee see eerie 23 
3 | May 20| June 6 17 Minimum eeeie eee oseeeeeeee 17 
UE eae sea adibbayey 2) 19 
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As is shown in Table VI, the average length of the pupa stage dur- 
ing 1913 was 19.89 days, the maximum 23, and the minimum 17. 

Table VII shows the length of the pupa stage for 45 individuals for 
the season of 1914. 


TasLe VII.—Lengih of pupa stage of the pecan leaf case-bearer at Monticello, Fla., 
during 1914. 


Date of— Date of— 
Number Days as Number Days as 
of indi- Sa of indi- aaa 
viduals. | Pupa- Emer- [DEAD viduals. | Pupa- Emer- pope. 
tion. gence. tion. gence. 
7} 1914. 1914. 1914, 1914. 
2 | May 5| May 25 20 1 | May 23] June 8 16 
1 | May 10] May 30 20 2 |...do....| June 9 17 
1 | May 11 |...do 19 3 | May 25 | June 10 16 
1 -do....| May 29 18 3 |...do....} June 11 17 
1 | May 12] May 31 19 1 do....| June 12 18 
1 o....| June 1 20 1 do....} June 13 19 
1 | May 13] May 31 18 1 do....| June 11 16 
1 o....| June . 1 19 2 | May 26] June 12 17 
1 | May 14] June 2 19 1 do....| June 13 18 
1 | May 15]-.--do. 17 1 | May 27 |...do. 17 
2 -do....|...do. 18 2 | May 28] June 15 18 
Teele So dioees We 17 1 | May 29 |...do 17 
1 | May 16]...do.. 18 2 | June 9} June 26 17 
1 -do. June 4 19 
2 May 18 a G0. 32 ly 
O.-..) JUNG 1 AV ORAS Ole ate a. Sos cose ie reicie 17. 66 
2 do..../ June 6 19 Aaa ek EOI AR AD GER D 20. 
1 | May 19] June 8 20 Minimum................... 16 
1 | May 22) June 10 19 


During 1914 the average length of the pupa stage was determined 
to be 17.66 days, the maximum being 20 and the minimum 16. 

Table VIII shows the length of the pupa stage for 109 individuals 
for the season of 1915. 


Taste VIII.—Length of the pupa stage of the pecan leaf case-bearer at Monticello, Fla., 
during 1915. 


Date of— Date of— 
Number SS |) DENS eS Number | DS OS) 
of indi- mae of indi- Sean 
viduals. | Pupa- | Emer- | PUP®- || viduals.| Pupa- | Emer- | PUP®- 
tion. gence. tion. gence. 
1915. 1915. 1915. 1915. 
3 ay 5| May 22 ile 1 | May 25 | June 11 17 
3 0..-.| May 23 18 1 |...do....} June 12 18 
1 | May 6/] May 22 16 |} 2 | May 28] June 16 19 
1 0....| May 23 17 || 1 | May 29]...do.. 18 
2 do....| May 24 18 1 | May 31 do.. 16 
4 | May 7|...do.. 17 1 o....| June 18 18 
3 -do....| May 25 18 5 | June 1 ]|...do.. 17 
1 | May 8}...do.. 17 3 | June 2|..-do.. 16 
1 | May 9 do 16 || 12 do....| June 19 17 
1 do....| May 27 18 || 3 do....| June 20 18 
1 | May 13) May 30 17 || 4 | June 3] June 19 16 
1 | May 19} June 5 17 8 do June 20 17 
5 | May 20] June 6 17 7 do June 21 18 
2 -do....| June 7 18 1 | June 13 | July 1 18 
2 | May 21 |...do.... 17 2 | June 14 | June 30 16 
1 -do....| June 8 18 2 do....| July 1 17 
1 | May 22] June 9 18 2 do....| July 3 19 
2 | May 23] June 8 16 5 | June 16 |...do. 17 
2 do....}| June 9 17 1 | June 17 do 16 
1 0. June 10 18 
: May 24 june 1a ( a6 
---do....) June 1 IAORAg OM ates bk a ah 17.15 
2 |...do....| June 11 18 || ‘an elapse ck leigh 19, 
1 May 25 | June 10 16 WhhobrbhenNss $22.5 5e45oeoeeaus 16. 
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During the season of 1913 eggs were found to hatch from about the 
middle of May until the last days of July, and during the season of 
1914 and 1915 from the latter part of May until the first few days 
of August. The period over which the eggs are hatching depends, 
of course, upon the time of emergence of moths, and it will be noted 
in Tables I, II, and III that there was some variation in the issuance 
dates of adults during 1913, 1914, and 1915. When the young larvee 
onaw their way out of the seein: they commence feeding upon the 
portion of leaflet immediately adjacent to the place where oviposition 
occurred. Throughout the summer and during the early fall the 
larve feed very sparingly upon the foliage, and as they extend their 
feeding quarters they enlarge the little winding or spiral cases which 
afford them protection. Although the larve may feed for nearly three 
months or even longer in some instances, they hardly attain a length 
greater than six one-hundredths of an inch. During the latter part 
of September these larve begin to seek hibernating quarters around 
the buds, where they construct small, compactly woven, oval hiber- 
nacula, and by the middle of October practically all larvee will have 
left the foliage and may be found snugly protected in the hibernacula. 
These little ‘‘worms’’ very wisely abandon the compound leaves upon 
which they have been feeding, just a short time before the foliage 
begins to drop in the autumn, in order to attach the winter cases 
securely to the buds and twigs. 

The larve remain in hibernation until the latter part of March 
or the first days of April, at which time the buds on pecan trees 
usually begin to open. Just as the buds are opening, the larve emerge 
from their hibernacula and attack the unfolding leaves. The perni- 
cious feeding habits of the larve at this time result in serious injury 
to the foliage and in greatly reducing the yield of nuts. Durimg the 
year 1913 the larve reached full growth from about April 20 until the 
latter part of June, but the majority pupated between May 10 and 
June 10. During the seasons of 1914 and 1915 the majority of the 
larvee were about a week to ten days later in reaching maturity. 


NATURAL ENEMIES. 


Three species of birds—the blue jay (Cyanocitta cristata), the mock- 
.ingbird (Mimus polyglottos), and the orchard oriole (/cterus spuriws)— 
have been observed feeding upon the larve of the pecan leaf case- 
bearer. These birds, as well perhaps as those of other species, do 
much to check the ravages of this pest, and their protection im the 
pecan orchard should be encouraged. The blue jay very lkely is 
more beneficial than harmful to the pecan grower. In the writer’s 
opinion the good that this bird does im feeding upon injurious pecan 
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insects more than offsets the injury that it is accused of doimg in the 
fall of the year, when it may take a few nuts from the pecan trees. 

The writer has reared a number of parasitic insects from the larve 
and pupz of this case-bearer, as follows: Jtoplectis conquisitor Say, 
Triclistus apicalis Cress., Calliephialtes grapholithae (Cress.), and 
Pristomerus sp., belonging to the family Ichneumonidae; Macro- 
centrus delicatus Cress., Meteorus sp., Habrobracon variabilis Cush., and 
Orgilus sp., belonging to the family Braconidae; and Secodella acro- 
basis Cwfd., which has been described as a new species by Mr. J. C. 
Crawford (19), of the U.S. National Museum, and Cerambycobius sp., 
belonging to the superfamily Chalcidoidea. Two species of Tachinidae 
were reared from this case-bearer and were identified by Mr. W. R. 
Walton, of the Bureau of Entomology, as Leskiomima tenera Wied. 
and Exorista near pyste Walker. This last he considers as probably 
a new species. Gossard (12) reported rearing Spilochalcis vittata 
(Fab.) and Itoplectis conquisitor Say from this host. It is interesting 
to note that on one occasion specimens of Trichogramma minutum 
Riley were reared from the eggs of the pecan leaf case-bearer. Of 
the numerous parasites preying upon this pest, the most effective is 
the small chalcidoid, Secodella acrobasis Cwfd., which was reared in 
great abundance from the overwintering larve. 


METHODS OF CONTROL. 


DIPPING AND SPRAYING TESTS FOR THE DESTRUCTION OF LARVA IN HIBERNATION. 


In order to determine the effect of various spray materials on the 
larvee in their hibernacula, a series of tests was made. For this 
work small twigs that were badly infested were selected for the 
treatment, which consisted in immersing the twigs in the materials 
used. After the treatment had been effected the twigs were kept 
in separate glass jars. The results of this series of experiments are 
shown in Table IX. ! 


TaBLE 1X.—Dipping tests with sprays for destruction of hibernating larve of the pecan 
leaf case-bearer at Monticello, Fla., in 1913. 


Per cent- 
Numb ie ce 
Experi- | or tuien , Date of appli- | na 
of twigs Material used. F emergin: 
ment No. treated. cation. fr Ae 8 
hiber- 
nacula. 
I 25 MASCi] Olle G12) Aes eae oF ae eee ec eee ee 18 
II 207 MISCIDIOOTNGEID tet cee otc sole eee Cee eee ee 15 
III 25 | Miscible oil (ae Aa ee TIA Lee ye onl an 2 eer 20 
IV 25 | Miscible ofl (1220). 025 oe occa | 2 
1 iscible oil (undiluted)......-........-....----.--------- ; 
VI 25 | 10 per cent kerosene emulsion................-.---------- Feb. 11,1913 15 
VII 25 | 20 per cent kerosene emulsion................--.-.------- 15 
VIII 25 | Commercial lime-sulphur solution (1:8).........-.-------- 10 
IX 25 | 40 per cent nicotine sulphate (1:32)................------. 10 
x 25" Cheek“ Untreatedas ccc ees sce ce ooetiece ers cee toes ce oe wee 50 
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For some reason, presumably because the twigs were kept in too 
dry a condition, many larve failed to emerge from hibernacula that 
were not treated, as is shown in Table IX. The best results were 
obtained with undiluted miscible oil, while strengths ranging from 
1:12 to 1:20 gave considerably less benefit for the treatment, as 
was also the case when 10 and 20 per cent kerosene emulsions were 
employed. Commercial lime-sulphur solution at 1:8 and 40 per cent 
nicotine sulphate at 1:32 ranked second in effectiveness. 

Further dipping tests were made with commercial lime-sulphur 
solution on March 26, 1914. The strengths employed were 1:8 and 
1:10, in which thirty heavily infested pecan twigs were dipped, and 
after the treatment the twigs were caged immediately in jars and 
placed in the out-of-doors insectary. By March 31 many of the 
larvee were emerging from their hibernacula and feeding upon the 
developing buds. Further observations showed that lime-sulphur 
at these strengths was not effective in preventing many larve from 
emerging from winter quarters. 

Table X shows further dipping and spraying experiments with 
lime-sulphur and miscible oil. 


TaBLE X.—Dipping and spraying experiments for destruction of hibernating larve of the 
pecan leaf case-bearer at Monticello, Fla., in 1916. 


Experi- Date of appli 
ppli- 
meet Treatment, cation. Result. 
I | Dipped twigs in commercial lime- | Mar. 7,1916 | Many larve emerged and destroyed 
z Baur solution (1:8), testing 32° every bud. : 
aumé, 
II-| Sprayed twigs with commercial lime- |.....do........ | Many larve emerged and destroyed 
sulphur solution testing 32° Baumé, most of the buds. 
III | Sprayed twigs with miscible oil at 1:15.|.....do........ Many larve emerged and destroyed 
practically every bud. _ 
HV: |'-Check:twigs tntreated:<<-22 2. <2.-<..<-|=-22--seecenes Larve emerged and readily destroyed 
every bud. 
i 


The twigs used in these experiments were kept in water or moist 
soil in order to insure the proper development of the buds. The 
first observations were made on April 17, 1916, and results as shown 
in Table X indicate the condition of the foliage. It will be noted that 
the lime-sulphur and miscible oil failed to destroy the larve. 


SPRAYING EXPERIMENTS! FOR THE DESTRUCTION OF LARV4 IN HIBERNATION. 


A series of spraying experiments was conducted with several of the 
standard winter sprays to find out their effect upon larve in hiber- 
nation, and in all cases the material was applied thoroughly by means 
of a gasoline-power outfit. 


1 The spraying was done in bearing pecan orchards belonging to the Standard Pecan Co. and the Summit 
Nurseries, both of Monticello, Fla., and to Mr. Charles E, Pabst, of Ocean Spring, Miss. 
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The results of these experiments are as follows: 


Taste XI.—Spraying experiments for the destruction of hibernating larvex of the pecan 
leaf case-bearer at Monticello, Fla., in 1913. 


Date 
Plat Number A 
Treatment. of appli- Results. 
No. of trees. Cation 
1913 
I 11 | Commercial lime-sulphur | Mar. 3 | 40 per cent of the larve emerged from hiber- 
solution, testing 33° nacula. Buds and foliage very seriously 
Baumé, at 1 gallon to 8 | damaged by larve. : 
gallons of water. 
Vv 10 | Miscible oil at 1 gallon to 20 | Mar. 25 | 75 percent of the larvae emerged from hiber- 
gallons of water. macula, Buds were badly damaged by 
arve. 

VII 14 | Check; untreated...........).......... Practically all larve emerged. Nearly 
every bud was either totally or par- 
tially destroyed. Some trees were com- 
pletely defoliated. 


‘Neither the lime-sulphur solution nor the miscible oil gave satis- 
factory results, but of the two, lime-sulphur was the better. In 
this series of experiments a proprietary insecticide consisting of 
distillate oil, tobacco, and soap, and another one consisting princi- 
pally of oil were tried at dormant strengths in Plats II, IIT, and IV, 
which are not included in Table XI, and both of these were found 
to be ineffective against the hibernating larve. 

On February 15, 1913, in the Pabst orchard at Ocean Springs, 
Miss., fifteen 10-year-old trees were sprayed with commercial lime- 
sulphur at 1 gallon to 8 gallons of water, and on the same date six 
10-year-old trees were sprayed with miscible oil at the rate of 1 gal- 
lon to 15 gallons of water. Since it was impossible for the writer: to 
make observations on these sprayed trees because of stress of work at 
Monticello, Fla., Mr. Chas. E. Pabst, of Ocean Springs, Miss., was 
requested to report the results of these experiments. In his report 
he stated that there seemed to be a slight benefit derived from the 
lime-sulphur treatment, but so far as could be determined the 
miscible-oil-sprayed trees were as badly infested with larve as the 
trees that were left untreated. 

In order to obtain additional information on the two most common 
dormant season sprays, a series of spraying experiments was con- 
ducted at Ocean Springs, Miss., and another at Monticello, Fla. The 
results of this work are shown in Tables XII and XIII. 
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TaBLE XII.—Spraying experiments for the destruction of hibernating larvex of the pecan 
leaf case-bearer at Ocean Springs, Miss., in 1914. 


Date 
Plat Number E 2 
Treatment. oi appli- Result. 
No. of trees. Y cation® : 
1914 
I 32 | Commercial lime-sulphur | Mar. 9 | Very slightly benefited. Sufficient num- 
solution, testing - 33° ber of larvee emerged to do considerable 
Baumé, at 1 gallon to 8 damage to buds and foliage. 
gallons of water. 
II 17 | Commercial lime-sulphur |-.-.do..... Very slight benefit. A large percentage of 
solution, testing 33° | larvee emerged from hibernacula and 
Baumé, at 1 gallon to 10 severely injured the buds and foliage. 
| gallons of water. 
Til 1O}/SCheckswansprayed. <= --e2 esl: sere eee Practieally all larve that were not parasi- 
tized emerged from hibernacula. Buds 
| and foliage were severely injured. 


TaBLe XIII.—Spraying experiments for the destruction of hibernating larve of the pecan 
leaf case-bearer at Monticello, Fla., in 1914. 


+, | Number Date of 
Plat No. Gitroos! Treatment. application. Results. 
I 12 | Commercial lime-sulphur | Mar. 22,1914 | Slight benefit, but a sufficient number 
solution at 1 gallon to 8 of larve emerged to do much dam- 
| gallons of water. age to buds and foliage. 

Il 10 | Commercial lime-sulphur |....- (lees Boee Slight benefit, but many larvee emerged 
solution at 1 gallon to 10 from hibernacula and did considera- 
gallons of water. ble damage to buds and foliage. 

Til 8 | Miscible oil at 1 gallon to |.-.--.. downers Practically no benefit derived from the 
20 gallons of water. treatment. 


The results, as will be noted in Tables XII and XIII, show that 
the lime-sulphur solution at 1:8 and 1:10 gave a slight benefit, 
but that miscible oil was a decided failure. The number of larvee 
destroyed by the lime-sulphur treatments was not sufficient to combat 
this pest satisfactorily. Although it has been suggested and advised 
by certain entomological writers that this pest can be controlled by 
the use of lime-sulphur during the dormant season, the results of all 
the experiments show conclusively that the treatment can not be 
depended upon as a remedy for the pecan leaf case-bearer. 


SPRAYING EXPERIMENTS AGAINST OVERWINTERED LARV. 


EXPERIMENTS AT MONTICELLO, FLA. 


The work at Monticello, Fla., was conducted in the pecan orchards 
of the Summit Nurseries and the Standard Pecan Co. For the spray- 
ing regular orchard gasoline-power outfits were used and the spray 
material was applied very thoroughly at a pressure ranging from 175 
to 200 pounds. The results of the experiments are shown in Tables 
XIV and XV. 
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TaBLe XIV.—Spraying experiments against the larve of the pecan leaf case-bearer at 
Monticello, Fla., in 1918. 


Number Date of 
Plat No manos! Treatment. application. Results. 

VI 55 | Paste lead arsenate at 3) Apr. 18,1913 | Not controlled satisfactorily. About 
pounds plus Bordeaux 50 per cent of the larvee were de- 
mixture 4-5-50.1 sue byed but the buds were badly 

injure i 

Vil 14 | Check; umsprayed.........)......2..-.--- Most buds were infested by larve. 

Some trees were nearly defoliated. 


1 Bordeaux mixture was used for fungicidal purposes. 


TaBLE XV.—Spraying experiments against the overwintering larve of the pecan leaf 
_ case-bearer at Monticello, Fla., in 1914. 


Number Date of 
Plat No. miacceel Treatment. application. Results. 

IV 10 | Commercial lime-sulphur | Apr. 2,1914 | Notcontrolled. Some few larve killed 
solution at 1 gallon to 40 but the majority continued to feed 
gallons of water. upon the buds and foliage. 

V 10 | 40° per cent nicotine sul- |..... dO. e212 Not controlled. Much damage done 
phate at 1 part to 700 to the buds and foliage. 
parts of water. 

VI 25 | Paste lead arsenate at 3 ADE 2and10,| Not satisfactorily controlled. Many 
pounds to 50 gallons of 914. larvee killed, but sufficient numbers 
water (2 applications). escaped to inflict serious injury to 

buds and foliage. 


As shown in Table XIV, a single application of paste arsenate of 
lead at 3 pounds to 50 gallons of Bordeaux mixture, made on 
April 18, 1913, failed to control the pest, although there was 
considerable benefit in favor of the sprayed over the check trees. 
Table XV shows that on trees treated with commercial lime-sulphur 
solution at 1:40 and 40 per cent nicotine sulphate at 1:700 on 
April 2, 1914, at which time the larve were emerging from their 
hibernacula, little or no benefit was derived from the treatment. 
Compared with the checks, the trees in Plat VI, which received two 
heavy applications of paste lead arsenate at 3:50 on April 2 and 10, 
showed that there was much in favor of the treatment, but sufficient 
numbers of the larve escaped the poison to do serious damage to 
the buds and foliage. 

On account of the manner in which the larve feed upon the buds, 
it was found to be difficult to kill a large proportion of them before 
considerable damage had been done to the foliage. Results show 
that spraying with lead arsenate during the spring can not be relied 
upon as an effective remedy for this pest. 


SPRAYING EXPERIMENTS AGAINST LARVAE IN THE SUMMER. 
EXPERIMENTS AT MONTICELLO, FLA. 


After discovering the manner in which the larve attack the foliage 
during the summer, spraying experiments were conducted to find 
out if the case-bearer could not be controlled practically at this 
stage of its life cycle. The results of this line of work are embodied 
in the following tables. Table XVI shows the effect of the treatment 
of 113 ten-year-old pecan trees in the orchard of the Summit Nurseries. 
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TaBLE XVI.—Spraying experiments against the larve of the pecan leaf case-bearer at 
Monticello, Fla., in 1918. 


Number i 
pat of Treatment. Date ef Spplice- Results. 
‘ trees. | ; 

I 113 | One application of | Aug. 14 and 15, | Very satisfactory control. Nearly all 
paste lead arsenate 1913. larve were killed and only a very 
at 3 pounds to 50 few remained to construct hiberna- 
gallons of water. cula in the autumn. Was exceed- 


ingly difficult to detect any hibern- 
acula. No appreciable amount 
of damage was done by the few 
overwintering larve to the buds 
during the spring. 


II 125) Checksjuntreated=< 2. <|ssacceseea-ee ec oseee As many as 12 hibernacula were 
found around a single bud; the 
average was about 3 hibernacula to 
the bud. During the spring the 
larve appeared in numbers and 
seriously damaged the buds and 
foliage. Some trees were nearly 
defoliated. 


The results obtained on Plat I, as shown in Table XVI, were highly 
satisfactory, since most of the larve were killed by the arsenical appli- 
cation. By destroying the larve during the late summer or early 
autumn, the trees were protected from attacks durmg the subse- 
quent spring, at which time very serious injuries occur to the buds 
and tender foliage through the peculiar manner of the feeding of 
overwintering larve. During the following spring (1914), the trees on 
Plat I put forth their foliage in perfect condition, but on account of 
the ravages of the case-bearer larve the unsprayed trees (Plat II) 
were kept in a state of partial or total defoliation for several weeks, 
and this condition interfered seriously with the setting of nuts. A 
slight arsenical injury was done to the foliage, but in no case was the 
damage so severe as to cause the leaves to drop. 

More extensive spraying experiments were carried out with lead 
arsenate in 1914 than in 1913. Table XVII shows the series of 
experiments conducted in the Abe Simon orchard. 


Taste XVII.—Spraying experiments against the larvx of the pecan leaf case-bearer at 
Monticello, Fla., in 1914. 


Number . 
Ele of Treatment. Date of appli- Result. 

0. Tres cation. 
1914 

I | 22 | Powdered lead arsenate at | Aug. 13-.....- | Practically perfect control. Scarcely 

2 pounds to 50 gallons of any larve succeeded in escaping 

water. the poison to construct hibernacula. 

Foliage rather seriously injured by 

the heavy application of arsenical. 
II 4 | Check; umsprayed..........)...---cs-c----- Trees were badly infested, as was 


determined by the great abundance 
of hibernacula and the prevalence 
of larve in the buds during the 
following spring. 


III 18 | Paste lead arsenate at 3} Aug.14...... Practically perfect control. Scarcely 
pounds to 50 gallons of any larvee succeeded in escaping the 
water. oison to construct hibernacula. 


oliage rather seriously injured by 
the heavy application of arsenical. 
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On Plats I and III the case-bearer was satisfactorily controlled, 
~ while on Plat II, which was left untreated, very serious damage was 
_ done during the spring by the overwintering larve. Rather serious 
injury was done to the foliage on Plats I and ILI, owing in part to 
the showery weather that followed the spraying, which made con- 
ditions favorable for the suspension of free arsenic on the leaves. 
The sprayed trees shed their foliage a little sooner than the checks, 
but defoliation did not take place so early as to cause the trees to 
bud out again. 

A series of dosage tests with lead arsenate was carried out for the 
purpose of determining the proper strength necessary to control 
effectively the pest under orchard conditions. The results of this 
work are contained in Table XVIII. 


t 


Taste XVIII.—Spraying experiments against the larvxe of the pecan leaf case-bearer to 
determine the most effective dosage of lead arsenate; Monticello, Fla., 1914. 


Results, 
Plat Num- y Date of 
No ber of Treatment. appli- Car 
: trees. cation. Degree of Arsenical injury 
infestation. to foliage. 
| 1914 
I 26 | Powdered lead arsenate at 14 pounds to | Aug. 20 | Practically none.| Serious. 
50 gallons of water. 
II | 16 | Powdered lead arsenate at 1 pound to |...do..-.-]..... (OO eaao ans ss Rather serious. 
50 gallons of water. TE j 
Til 31 | Powdered lead arsenate at 4 pound to |_..do....- Light infestation) Slight burning. 
50 gallon of water. | 
IV Gre Checkumsprayedeesss-cseee se oeeeeee lpeedoseee= Very heavy in- 
festation. 
V 37 | Paste lead arsenate at 1 pound to 50 gal- |...do..... Light infestation] Slight burning, 
Jons of water. 
Wile'| 24 | Paste lead arsenate at 14 pounds to 50 | Aug. 22 | Very light infes- | Somewhat pro- 
gallons of water. tation. nounced. 
Vil 21 | Paste lead arsenate at 2 pounds to 50 |...do..... Practically none.| Rather serious. 
gallons of water. 
VII 18 | Paste lead arsenate at 24 pounds to 50 |...do-...-|.....do..........- Serious. 
gallonsofwater. . > 
IC 26 | Paste lead arsenate at 3 pounds to 50 |..-do.....|.....do.......-..- Do, 
gallons of water. 
aXe 24 | Two pounds of paste arsenate of lead |...do.....]...-. Goss Aces Only a trace of 
plus 4 pounds of lime to 50 gallons of js burning. 
water. 


Asis shown in Table XVIII, the powdered lead arsenate at } pound 
(Plat IIT), and paste form at 1 pound (Plat V), as well as 14 pounds 
(Plat VI), to 50 gallons of water were found to be too weak for effec- 
tive work, while the powdered lead arsenate at 1 pound and 14 pounds 
and the paste form at 2, 24, and 3 pounds gave very satisfactory 
control. It was discovered that pecan foliage was quite susceptible 
to arsenical injury, for on all plats there wassome burning. The worst 
burning occurred on Piats I, VIII, and IX, where the stronger dosages 
of lead arsenate were used; but where the weaker dosages were 
employed the injury was considerably lessened. The foliage on Plat 
X, sprayed with lead arsenate to which lime was added, was in the 
best condition, as only a trace of burning occurred. 
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Spraying experiments were conducted during the summer of 1915 
for the purpose of determining the effects of various forms of lead 
arsenate on pecan foliage. The pecan trees selected were 12 years 
old and of a good size for their age. The spray material was very 
thoroughly applied by means of a gasoline-power outfit, using a pres- 
sure of about 200 pounds. Table XIX shows the results of this 
work. : 


TaBLE XIX.—Spraying experiments against the larve of the pecan leaf case-bearer at 
Monticello, Fla., in 1915. 


Results. 
Num- Date of 
Flat ber Treatment. applica- 
2 trees. tion. Degree of infes- | Extent of arsenical injury 
tation. to foliage. 
f 
1915. ; 
I 18 | Powdered lead arsenate 14 | Aug. 24 | Practically none.| Foliage in good condition; 
ounds, plus 3 pounds of no appreciable burning. 
ime to 50 gallons of water. 

Il 18 | Powdered lead arsenate 1 |...do....-|....- dows. see Do. 
poone, plus 3 pounds of 
ime to 50 gallons of water. 

Til 12 | Paste lead arsenate 3 pounds, | Aug. 25 |..... Gomes ee Burning of foliage was 
plus 3 pounds of lime to 50 rather serious. 
gallons of water. 

IV 12 | Paste lead arsenate 2 pounds, |...do.....|....- Gone ee Margin of leaves rather se- 
plus 3 pounds of lime to 50 verely burned; but the 
gallons of water. trees did not shed their 

leaves prematurely. 

Vv 5 | Paste triplumbic lead arsenate |...do.....|....- dosqe ews .Foliage rather seriously 
2 pounds, to 50 gallons of burned, especially mar- 
water. gin of leaves. 

VI 7 | Paste triplumbic lead arsenate |...do.....|..--. Gos cena aes Foliage in good condition; 
2 pounds, plus 3 pounds of no appreciable burning. 
lime to 50 gallons of water. 


As shown in Table I, the pecan leaf case-bearer was controlled 
satisfactorily on all plats, but only on Plats I, IJ, and VI was the 
spraying accomplished without appreciable arsenical mjury to the 
foliage. Maximum burning of foliage occurred on Plat V, where tri- 
plumbic arsenate of lead paste alone was used; but even in this case 
the injury was not severe enough to cause premature defoliation. 
Plats III and IV, which received 3 pounds and 2 pounds, respectively, 
of paste arsenate of lead plus 3 pounds of lime to each 50 gallons of 
water, showed rather serious arsenical injury to the margins of the 
leaves, while Plats I and II, which received 14 pounds and 1 pound, 
respectively, of the powdered form of arsenate of lead plus 3 pounds 
of lime to 50 gallons of water, showed no appreciable injury to the 
foliage. From these observations the powdered form of lead arsenate 
appears less likely to cause injury to the foliage than does the paste 
form. 

Under no circumstances was it found safe to use effective dosages 
of lead arsenate (triplumbic or diplumbic) in either the paste or 
powdered form on pecan foliage without the addition of 3 or 4 pounds 
of stone lime per 50 gallons of water. The work with arsenicals indi- 
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eates that the pecan is practically as susceptible to burning as is the 
peach and that the same precautions must be used in order to prevent 
serious injury to its foliage. 


FUMIGATION EXPERIMENTS AGAINST HIBERNATING LARVA. 


EXPERIMENTS AGAINS®T LaARVZ on PEcAN Nursery TREES. 


As the pecan leaf case-bearer may be freely distributed through 
the medium of nursery stock as larve in hibernacula about the buds, 
it was considered advisable to obtain some data in regard to fumiga- 
tion. A specially constructed box, measuring 10 feet long, 34 feet 
high, and 3 feet wide, was used for this work. The box was so made 
as to be practically air-tight. In order te test the effect of fumigation 
on the larve as well as on the plant itself, a number of infested, 
grafted, or budded pecan trees, ranging from 3 to 5 feet in height, 
were used. In order to have the trees in the best possible condition, 
they were dug from the nursery during the afternoon of the day before 
fumigation, and immediately after the fumigation experiments were 
completed the trees were set out in the laboratory yard at Monticello, 


Fla. The method and results of these experiments are shown in 
Table XX. 


TABLE XX.—Fumigation experiments on pecan nursery trees for destruction of over- 
wintering larve of the pecan leaf case-bearer at Monticello, Fla., in 1916. 


Experi- Date of 
ment Npnser Treatment. fumiga- Results. 
No. : tion.. 
1916. 

I 8 | Fumigated for 1 hour with 1 ounce | Feb. 25 | Larvee were not killed, and these 
of sodium cyanid ! per 100 cubic larvedestroyedthe buds. Trees 
feet, using formula 1-2-3.2 were not injured by fumigation. 

II 8 | Fumigated for 1 hour with 14 ounces |...do.-..| All larvee were killed. No ap- 
of sodium cyanid per 100 cubic parent injury to trees by fumi- 
feet, using formula 1-2-3. gation. 

Tit 8 | Check; untreated ./.................|...-..---- Larvee emerged in numbers and 
buds on the trees were badly 
damaged. : 


1 Sodium cyanid used was equivalent to 129 per cent potassium cyanid. 
2 Formula: 1 ounce (avoirdupois) sodium cyanid, 2 fluid ounces of sulphuric acid, 3 fhuid ounces of water 
to 100 cubic feet of space. 

It will be noted in Table XX that in experiment I, where 1 ounce 
of sodium cyanid per 100 cubic feet was used, the case-bearer 
larvee were not killed, while in experiment II, where 14 ounces of 
cyanid was used, the results were very satisfactory, as no larve 
emerged from the hibernacula. On May 1, 1916, it was found that 
the buds on trees in experiments [I and III were badly damaged by 
the larve and that the buds and foliage on trees in experiment II 
were not injured. So far as could be determined, the fumigation had 
no effect whatever on the trees, as both the check and fumigated 
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trees made practically the same amount of growth during the course 
of the season. 
Further fumigation experiments were conducted during March, 


1916, and are reported in Table XXI. 


Only badly infested pecan 


twigs were used in these experiments, and after being fumigated, 
they were placed in water bottles in order to sure proper develop- 
ment of the buds. 


TaBLE XXI—Fumigation experiments on larvx of the pecan leaf case-bearer at Mon- 
ticello, Fla., in 1916. 
Experi-- Num- Date of ! 
ment ber of Treatment. fumiga- Results. Remarks. 
No. || twigs. tion. 
| | 1916. | 
T | 12 | Fumigated for 1 hour with 4 ounce | Mar. 4 | Larve emerged | All buds destroyed 
| of sodium cyanid 1 per 100 cubic | from hibernac- by larvee. 
| |). feet. ula. 
II | 12 | Fumigated for 1 hour with ? ounce | Mar. 3 |..--- do: 2228s Nearly all buds 
| of sodium cyanid ! per 100 cubic | were destroyed 
| feet. by larve. 
III | 12 | Fumigated for 1 hour with 1 ounce |...do....| Anumberoflarve| Some buds_ were 
| of sodium cyanid ! per 100 cubic emerged from damaged by 
feet. hibernacula. larve. i 
TV | 12 | Fumigated for 1 hour with 1 ounce |...do.-...|..-.-- GOA 2 sae eee A good many buds 
of sodium cyanid ? per 100 cubic destroyed by 
| feet. larve. 
Vv: +} 12 | Fumigated for 1 hour with 14 ounces |...do....| Nolarve emerged | Budsdidnotunfold 
of sodium cyanid ! per 100 cubic from _hiber- well. 
| feet. nacula. 
VI! 12 | Check; not fumigated............... .-.do....| Larve emerged ! All buds were de- 
| from hibernac- stroyed by larve. 
: ula. 

Vil 15 | Fumigated for 1 hour with 14 ounces} Mar. 29 | Nolarveeemerged | No injury to buds 
Gr sodium cyanid 1 per 100 cubic frou hibernac- from fumigation. 
| eet. ula. 

VIII | 15 | Fumigated for 1 hour with 2 ounces |..-do- 220 O ss stsgeeoms No injury to buds 
ot sodium cyanid ! per 100 cubic | from fumigation. 
eet. 

TEXS | 15 | Check; not fumigated..............- |...do....| Larve emerged | All buds destroyed 

fom hibernac- by larve. 
ula. 


1 Used formula 1-2-3. 


2 Used formula 1-1-3. 


It will be noted in Table XXI that strengths of sodium cyanid 
of 4, 2, and 1 ounce per 100 cubic feet failed to destroy the larve 
after one hour of exposure, while strengths of 14 and 2 ounces per 
100 cubic feet killed all larve. It is to be regretted that in these 
experiments a strength of 14 ounces was not used, as it was found 
that while i ounce was not enough, 14 ounces destroyed larve while 
in the winter cases. Although the maximum strength used (14 
ounces per 100 cubic feet of space) is considerably in excess of that 
commonly employed in the fumigation of ordinary nursery stock, 
these experiments indicated that, while in a dormant condition, the 
pecan was perfectly capable of enduring the greater strength without 
injury. 

In fumigation for the pecan leaf case-bearer materials should be 
used according to the following formula: 1-13-2. This means 
that 1 ounce (avoirdupois) of sodium eyanid, 14 fluid ounces of 
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sulphuric acid, and 2 fluid ounces of water should be used to each 
100 cubic feet of space inclosed. In purchasing sodium cyanid 
it is essential to obtain a high-grade product, 96 to 98 per cent pure, 
or, in other words, one that contains not less than 51 per cent of 
cyanogen. Commercial sulphuric acid, specific gravity 1.84 (66° 
Baumé), which is approximately 93 per cent pure, should be used 
for fumigation in order to obtain the best results. 


SUMMARY. 


Although the pecan leaf case-bearer is preyed upon by a number 
of parasitic insects and several species of birds, it was found during 
a course of studies extending over a period of three years that 
neither the parasites nor any other natural checks could be relied 
upon. to control it, but that certain artificial measures were suc- 
cessful. 

It was found impossible successfully to control the pecan leaf 
case-bearer durmg the dormant season, at which time the larve 
were in hibernacula around the buds. Of the various spray materials 
tried for the destruction of hibernating larve, commercial lime- 
sulphur solution at the strength of 1:8 and 1:10 gave the best 
results, but this method failed to destroy a sufficient number of 
the larve to justify its use. Tests with miscible oils at 1 :12, 
1:15, 1:18, and 1:20, and 10 and 20 per cent kerosene emul- 
sions applied during the dormant season were found to be ineffective. 

Because of the manner in which the larve feed upon the buds 
and foliage, the pecan leaf case-bearer in the active larva stage 
during the spring was not satisfactorily controlled. Spraymg ex- 
periments, using a single application of arsenate of lead (paste) at 
3 pounds to 50 gallons of water, 40 per cent nicotine sulphate at 
1: 700, and commercial lime-sulphur solution at 1 : 40, were tried 
on orchard pecan trees as the larve emerged from their hibernacula, 
at which time the buds were beginning to unfold, but none of these 
materials proved effective. Two applications of arsenate of lead 
(paste) at 3 pounds to 50 gallons of water were made on large pecan 
trees, the first as the larve emerged from their winter cases and the 
second eight days later. This treatment destroyed many larve but 
was not entirely effective. 

Experiments in spraying with certam strengths of lead arsenate, 
conducted during the summer (August), gave very satisfactory 
results in the control of this pest, as it was discovered that the 
young larve might be destroyed readily at this stage. Based on a 
large series of dosage tests with lead arsenate, conducted on orchard 
pecan trees, it was found that no strength weaker than 1 pound of 
the powdered form or 2 pounds of the paste to 50 gallons of water 
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could be relied upon to control the case-bearer. Paste lead arsenate 
at 1 pound and 14 pounds or the powdered form at 4 pound to 50 
gallons of water did not give satisfactory results, but the case- 
bearer was controlled equally as well with 1 pound of the powder or 
2 pounds of paste as with 14 pounds of the powder or 24 or 3 pounds 
of the paste to each 50 gallons of water.’ 

In conducting extensive spraying experiments it was soon dis- 
covered that pecan foliage is more or less susceptible to arsenical 
burning. Experience showed that it was unsafe to spray pecan 
trees with lead arsenate without adding at least 3 pounds of stone 
lime to each 50 gallons of water. 

Fumigation experiments on the hibernating larve on pecan twigs 
and pecan nursery trees demonstrated that the larve could be 
destroyed by fumigating for one hour with 14 ounces of sodium 
cyanid per 100 cubic feet of space inclosed. 


RECOMMENDATIONS FOR CONTROL. 


Experimental work extending over a period of more than three 
years has shown conclusively that no matter how badly an orchard 
may be infested, the pecan leaf case-bearer can be controlled success- 
fully by a single application of an arsenical solution combined with 
lime, if made during the latter part of summer. Experiments have 
shown that the best results are obtamed by using 1 pound of the 
powdered, or 2 pounds of the paste arsenate of lead and 3 pounds of 
freshly slaked lime to each 50 gallons of water. Under no circum- 
stances should arsenate of lead be used without the addition of lime, 
as more or less injury to the foliage and nuts is likely to follow. It is 
evident that spraying may be done with equal effectiveness at any 
time between the first of August and the middle of September. 
Spraying earlier than August 1 is not to be relied upon as being fully 
effective, since all of the eggs will not have hatched by this time, 
and during the course of the spraying it is considered advantageous 
to the work to have all larve feeding upon the foliage. There is 
also some danger in delaying the spraying in the fall, as observa- 
tions have shown that some larve seek hibernation quarters toward 
the latter part of September, although the majority of them do not 
construct winter cases until the first week or so in October. It 
should be borne in mind that only the larva which feed on poisoned 
foliage are killed, and those escaping pass the winter in hibernacula 
around the buds and come forth in the spring to feed upon the buds 
and young leaves. Therefore, all who would combat successfully 
the pecan leaf case-bearer must realize the importance of thorough 
and timely spraying. 
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INTRODUCTION. 


The present work is a continuation of an investigation that has 
been in progress in this laboratory for several years on the practica- 
bility of recovermg potash from silicate rocks. Early in the investi- 
gation the conclusion was reached that owing to the small percentage of 
potash in commercial grades of arty insoluble potash silicate, no process 
for recovering potash from such material can offer much promise of 
profitable application unless at the same time some product of value 
is recovered in addition to the potash. This principle now seems to 
be more or less generally recognized, and in the numerous patents 
that have appeared during the last two or three years on the subject 
of decomposing feldspar and other potash silicates specifications are 
given in most cases for the recovery, in addition to potash, of ene 
or more of such various products as compounds of aluminum and of 
silicon, cement, raw material for the manufacture of glass or pottery, 
structural material, and pigment. 

In a publication * prepared about five years ago, it was shown that 
when 1 part of feldspar and 3 parts of calcium carbonate were ignited 
about an hour at a temperature of 1,300-1,400°, the potash in the 


1 Ross, William H., Circular No. 71, Bureau of Soils; Kighth Intern. Congress of Applied Chemistry, 
15, 217 (4912). 
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feldspar was completely volatilized and the clinker which remained 
was of such composition that the percentage of silica amounted to 
3.2 times that of the alumina and the sum of these constituents 
amounted to exactly one-half the percentage of the lime present. 
The clinker obtained in this way, therefore, has a composition with 
respect to these constituents which falls withm the limits required 
for Portland cement. It was observed also that when a quantity 
of calcium chloride equivalent to the alkalies in the feldspar was 
substituted for a part of the lime, volatilization took place in about 
half the time required when the ignition was made with lime alone: 
and that with the same mixture, on extending the time of ignition, 
almost complete decomposition of the feldspar could be effected at a 
temperature as low as 1,050°. Substitution of sodium chloride for 
calcium chloride gave approximately the same results. 

Tn a later publication ' it was shown that when feldspar and lime 
in the proper proportion to make cement are digested with water 
at a steam pressure of 10 to 15 atmospheres, about 90 per cent of the | 
potash in the feldspar passes into solution in the form of the hydroxide 
and the residue simply requires ignition for the manufacture of 
Portland-cement clinker. When the proportion of lime taken is 
reduced much below the limit stated, only partial decomposition 
of the feldspar results even at increased pressures, but by adding 
to such a mixture a quantity of a soluble calcium salt equivalent to 
the alkalies in the feldspar the amount of potash recovered may then 
be increased considerably. 

The conclusion was drawn from these experiments that potash 
could be set free from feldspar by substituting the latter for clay m 
the manufacture of cement; that the potash would be volatilized 
to a greater or less extent and could be recovered in the flue dust; 
and that it should be possible to obtain raw materials of the proper 
composition to yield Portland-cement clinker on ignition. 

Tn a series of experiments recently described by Anderson and 
Nestell,? cement mixtures from 10 different plants in this country 
and Japan were ignited in a way similar to that used in the ignition 
of the feldspar-lime mixtures. In every respect the results corre- 
sponded to those which were obtained in this laboratory by the ignition 
of feldspar with ime. Thus it was found that with different cement 
mixtures volatilization of -the potash began at about 1,100°; at 
1,200° the percentage of potash volatilized in a given time was dif- 
ferent for the different mixtures, but when the temperature was 
increased to 1,300°, and maintained for 1 hour, almost complete 
volatilization resulted in every case. When heating an hour at 1,200° 
the addition of 5 per cent of sodium chloride to the raw material gave 
an increase in volatilization of the potash from 19 per cent to 66 per 
cent, while the use of calcium chloride was reported to be even more 


1 Ross, W. H., J. Ind. Eng. Chem., 9, 467 (1917). 2 J. Ind. Eng. Chem., 9, 253 (1917). 
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effective. The presence of sulphur dioxide in the furnace when the 
ignitions were made was found to have a retarding effect on the 
evolution of the potash. 

Since potash occurs in the form of feldspar or other silicates in the 
raw materials used in cement manufacture, it might be inferred from 
the experiments made on the ignition of feldspar mixtures and of 
cement materials that more or less complete volatilization of the 
potash would take place in the burning of cement. 

It happens, however, that the clinkering zone of a rotary kiln 
constitutes only a comparatively short portion of its length, and 
while the time taken for the charge to pass through the kin may 
vary from about 14 to 24 hours, depending on the length of the kiln, 
the time that the charge is subjected to a clinkering temperature 
does not exceed one-half hour. The length of a rotary kiln must 
also act disadvantageously on the escape of the potash. That some 
potash is volatilized in cement burning has long been known, and 
in the case of one plant a quantitative study of the amount lost in 
this way has been made by R. K. Meade! from analyses of the raw 
material fed into the kiln, the resulting clinker, and the coal used 
for burnmg. The results of three separate tests showed that the 
potash volatilized ranged from 46 to 52 per cent. 


POTASH IN RAW MATERIALS AND LOSS THROUGH VOLATILIZATION 
IN CEMENT MANUFACTURE, 


With a view to securing more extended information in this direc- 
tion, an investigation was undertaken about five years ago to 
ascertain the percentage of potash occurring in the raw materials 
used in the different cement plants of this country and also the per- 
centage of the total potash that is volatilized in each case. Repre- 
sentative samples of raw mix and ground clinker were collected from 
the different cement plants in the United States and in Canada, with 
a view to analyzing each sample for potash. With the data thus 
obtained, and knowing the ratio between the raw mix and the cement 
produced, and the output of the latter, it was thought possible to 
calculate for each plant the approximate quantity of potash that 
escapes daily from the kilns. After the work was partly completed it 
had to be abandoned for a time. A few months ago the problem 
was taken up again and entirely new samples were collected. The 
work now has been completed, with the results given in Table I. 

This table shows that the potash occurring in the raw mix used by 
the different cement plants in this country varies from 0.20 to 1.16 
per cent. The raw materials used in the mills of the Universal Port-: 
land Cement Co. consisting of blast-furnace slag and a high-grade 
limestone contain considerably less potash than the average for 
the other cement plants of the country. 


1Chem. Engineer, 2, 221 (1905). 
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In a communication received from the manager of one of the large 
cement plants in the Lehigh Valley district the statement was 
made that the raw cement material used in this district contains less 
than 0.3 per cent. The samples analyzed in these experiments, 
however, indicate that in no case does the raw mix used in the plants 
of this district run as low as 0.3 per cent, but that some of these 
plants make use of cement material almost as rich in potash as may 
be found in any cement plant in the country. In general it may be 
stated, however, that high potash-bearing raw material is not char- 
acteristic of any particular part of the country. 

The values given in Table I for the potash contained in the daily 
production of cement were obtained by multiplying the output in 
barrels by the weight of one barrel (880 pounds) and by the per- 
centage of potash in the cement as found by analysis. To obtain 
the corresponding values for the potash in the daily run of raw mix, 
the output of cement expressed in barrels was multiplied by the 
weight of raw mix required per barrel of cement and then by the 
percentage of potash in the raw mix. The difference between the 
two values as thus determined represents the potash that escapes 
daily from the kilns. As shown in the table, this varies in different 
plants from 0.35 to 5.14 pounds of K,O per barrel of cement pro- 
duced. The average for all the plants listed in the table when 
consideration is taken of the variation in output of cement of the 
different- plants amounts to 1.93 pounds? per barrel of cement. 

Omitting the plants of the Universal Portland Cement Co., the 
corresponding average for the remainder of the 99 plants of this 
country from which samples were received amounts to 2.09 pounds. 
The average for the nine Canadian plants is 1.95 pounds. The 
total number of plants in this country from which samples were 
received is only four less than the total number which operated in 
1915? and nine less than the total number said to be in operation 
in 1916. 

The average daily output of cement from the individual plants in 
many cases is considered confidential information. In Table I, 
therefore, it was necessary to give values for the output of the indi- 
vidual plants which represent capacities rather than actual produc- 
tion. The total annual production as obtained from these values 
is consequently much in excess of that which is known to have been 
produced in any one year. The values given for the potash lost 
per barrel of cement are, however, independent of the output. If, 
therefore, the average annual production of Portland cement in 


1 In making this calculation no account was taken of the potash in the coal, which at most would not 
amount to more than a few tenths ofa pound per barrel of cement. Any potash present, however, would 
tend to increase the value given for the amount of potash volatilized. Cf. R. K. Meade, Portland Cement, 
2d ed., p. 179. 

2 Burchard, E. F., Cement in 1915. Mineral resources of the U.S., 1915, Part II, p. 195. 
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this country be now taken in round numbers as 90,000,000 barrels ' 
and if the same average conditions be assumed to prevail in the few 
plants from which no samples were received as was found on an 
average for all other plants, then it may be estimated that the total 
potash (K,O) escaping from all the cement plants in this country 
as at present operated amounts to 86,850 tons annually. 
_ The process at present most generally considered in connection 
with the recovery of the potash that escapes from cement kilns is 
electrical precipitation. The extent to which the dust may be 
recovered in this way is dependent, assuming proper installation, on 
the voltage used and the linear velocity with which the gases pass 
through the treater pipes. The volume of gases treated being con- 
stant, the degree of precipitation of the dust will be dependent on 
the extent of the installation. With present installations a recovery 
of approximately 99 per cent? of the dust has been obtained. It 
happens, however, that the finest portion of the dust escaping from 
any cement plant contains relatively the highest percentage of potash, 
and a 99 per cent recovery of the dust represents a somewhat less 
efficient recovery of the potash. 

In the plant of the Security Cement and Lime Co., where the Cottrell 
process of electrical precipitation has been installed, it is found that 
under normal working conditions, and with a daily output of 2,500 
barrels, the dust collected in the kiln stacks amounts to 16,000 pounds 
and in the treaters 45,000 pounds every 24 hours. The former con- 
tains on an average 4.5 per cent potash, and the latter, as analyzed in 
this laboratory, 11.4 per cent, making a total of 5,850 pounds of 
potash recovered daily. Asshown in Table I, the potash lost from the 
kilns during the same period amounts to 6,525 pounds. On this basis 
of calculation the potash recovery inthis plant amounts to 90 per cent 
of the total. If this value be accepted as the efficiency of recovery of 
the potash in the most economic installations, then the total recover- 
able potash in the cement plants of this country under present work- 
ing conditions amounts to 78,165 tons annually. 

The potassium compounds occurrmg in cement dust may be 
divided mto three groups, as follows: (1) Those which are readily 
soluble in water; (2) those which are slowly soluble; and (8) those 
which are insoluble. 

The insoluble potash represents the combinations occurring in the 
original silicates of the raw mix carried over mechanically in the dust 
before bemg subjected to a sufficiently high temperature to brmg 
about decomposition. The form of combination which is slowly 
soluble in water is supposed to be due to a recombination of the vola- 

1 Burchard, E. F. Loc. cit. 


2Schmidt, W. A., Paper presented at the Te of the American Institute of Mining Engineers, 
Globe, Ariz., Sept. 1, 1916. 
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tilized potash with the silicates in the dust. In some plants where 
coal is used for burning the extent to which the potash occurs in this 
‘‘recombined”’ form may be considerable, while in certain other plants 
where oilis used for fuel this combination of the potash occurs in com- 
paratively small amount. In Table II the percentages of the 
different forms of potash occurring in a dust from a plant which uses 
oil for fuel and also from one which uses coal are given: 


TasLe II.—Percentages of the different combinations of potash in flue-dust samples 
from different sources. 


Cement dust from— 


Combination. Riverside} Security 
Portland | Cement 
Cement jand Lime 

Co. Co. 


i Per cent. | Per cent. 

INCIG=iNSOLUDIOMDOLASH RG Obs eee teen eaee ns neces henna eee see aces tee seer 0.2 0.5 
Slowlyssolublewpo tas eee ee se ee coe ee eee eared ea eaters aires ae 4.1 
Water-soluble potash =< sea s-cee 2 nen e See - le ieee omen wars sta se = a)) iat ias miele cei 9.8 6.8 


TOR AIS Sc ate eee Reet age eee tn SL Bet NEA? BREE Lastly ita bed aD Be Ok Se | 10.7 11.4 


The determinations of the soluble potash in these samples were 
made by boiling 10 grams of the sample in 500 cubic centimeters of 
water for one-half hour as directed in the Methods of the Associa- 
tion of Official Agricultural Chemists. The insoluble potash was 
assumed to be that portion of the total potash which remained 
insoluble after boiling in a 5 per cent solution of hydrochloric acid. 
The difference between the total potash and the sum of the soluble 
and insoluble portions’ was then taken as the proportion of the 
potash which is slowly soluble in water. 

In a previous publication it was shown, as already stated, that the 
greater part of the potash in feldspar may be made to pass into solu- 
tion by digesting with lime under a steam pressure of 10 to 15 atmos- 
pheres. In cement dust as it escapes from the kilns the slowly soluble 
and the insoluble potash already are associated with a considerable 
percentage of free lime and consequently it was thought that the 
greater part of these constituents might be recovered in soluble form 
by digesting the dust with steam alone under pressure. This has been 
found to be the case, and with the Security cement dust it has been 
found possible to recover in this way im soluble form and with little 
increase in pressure upward of 95 per cent of the total potash present. 
If it be assumed, therefore, that it would be practicable to recover, 
or render available, say, 95 per cent’ of the potash in the recover- 
able dust of cement plants, then the recoverable and available 
potash escaping from the cement plants of this country amounts 


1In the case of coal-fired plants it may not be possible, with present commercial apparatus, to render 
soluble as much as 95 per cent of the collected potash, but there is no doubt that as details of commer- 
cial apparatus are perfected this value will represent a fair average for the different plants of the country. 
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approximately to 75,000 tons annually. If, however, the dust 
from all plants losmg less than 1 pound of potash per barrel of 
cement be considered as too low grade for use as a source of fertilizer 
material and the figures from such plants be omitted in the calcula- 
tions, then the value for the available recoverable potash in the ce- 
ment industry of this country as normally operated becomes 71,000 
tons annually. 


PERCENTAGE OF VOLATILIZATION OF POTASH IN CEMENT PLANTS. 


As shown in Table I, the proportion of the total potash (K,O) that is 
volatilized varies in different plants from 24.5 to 95.9 per cent. The 
lowest values were obtained for plants widely separated from one 
another. In the Hudson River district the percentage volatilization 
varies from about 30 per cent to 45 per cent, and in the Lehigh Valley 
district from about 40 per cent to 60 per cent. In plants situated in 
the northern Central States considerable variation was noted. The 
highest values were found for plants located in southern California, 
and in Colorado and Utah. 

It may be pointed out that as much variation occurs in the per- 
centage of potash volatilized trom plants using oil as from those 
using coal. It is also to be noted that the average percentage 
volatilization (46 per cent) in plants using the wet process is almost 
as great as that (47 per cent) in plants using the dry process, and 
in fact the highest percentage volatilizations, 95.9 per cent and 
90.7 per cent, were found for plants using the wet process. This 
result is contrary to what seems to have been the general opinion 
among cement manufacturers, as indicated by the following excerpts 
from communications received from two firms using the wet process: 
(a) “Our plant is a wet-process plant, and the amount of potash 
which goes up in the air we figure is infinitesimal as compared with 
plants using the dry process of manufacture.” (6) ‘In our manu- 
facture of Portland cement we use the wet method of grinding 
our raw materials and in a short time I believe the entire cement 
industry will depart from the present dry method and adopt the 
wet method so that there will be no more precipitation of volatilized 
potash in our smokestacks.”’ 

That a smaller proportion of dust should be carried over mechanic- 
ally in the wet-process plants is to be expected, and the loss of dust 
should be particularly reduced in those plants in which the kilns 
are provided with cross-partition plates which continuously raise the 
wet slurry and allow it to fall again as a spray. Judging from the 
observations that have been made in other industries, however, it is 
not so apparent that the wet process should retard very greatly the 
escape from the kilns of that portion of the potash which actually is 
volatilized. 
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Thus, R. J. Wysor' has shown in an investigation on the escape of 
potash from blast furnaces that the specially designed tower spray 
washers used for purifying the gas from the blast furnace are only 
moderately efficient in freeing the gas from the finest dust particles, 
and that much of the water-soluble alkalies remains in the gas 
current after leaving the washers. This result is explained on the 
ground that the particles of fume are in such an exceedingly fine 
state of division that they escape contact with the relatively large 
drops of water. 

Experiments to show the effect of variations in burning on the 
volatilization of potash have been made recently at the plant of 
the Security Cement and Lime Co. It was found that as the -burn- 
ing conditions were varied from normal to such a temperature as 
to give overburned clinker, the percentage volatilization of the 
potash increased from 31.6 per cent to 42.6 per cent. 

A similar result was obtained also in this laboratory im the analysis 
of seven cement samples furnished us by the Tidewater Portland 
Cement Co. The samples were collected successively as the burning 
was raised from a temperature giving a very soft clinker to that 
sufficient to make a very hard clinker. Corresponding samples of 
raw mix were collected at the same time, giving a composite sample 
which analyzed 0.71 per cent potash. The results obtained in the 
analysis of the cement samples are shown in Table ITI. 


Tasie II].—E fect of variable burning on the liberation of potash in cement kilns. 


| | 
} 


| Proportion | a Proporuey 
} Potash in of tota q Potash in of tota. 
Sample. } clinker. potash | Sample. clinker. potash 
volatilized. | volatilized. 
| | | 
| | | 
Per cent. | Per cent. i Per cent. | Percent. 
INO at? 229 S5eeeee 0. 69 40.0 eNO bet ccoak see 0. 51 | 55.6 
INOD 2 ee a be eee . 70 39.1 INOS GSee ese eee | -44 | 61.7 
Novas ie Lee | AOS... «| 49.5 [PIN On? Ole ere | - 48 | 58.4 
INO: (452.542. oS ae | 4 50.7 
a Very soft. 6 Very hard. 


These results show that the potash volatilized increases with the 
temperature of burning, but the increase apparently is not sufficient 
to attribute the great variation in the potash volatilized im different 
plants entirely to differences in the temperature of burning. 

That it is possible also to bring about by chemical means an in- 
crease in the amount of potash volatilized has been demonstrated 
recently at the plant of the Security Cement and Lime Co. This 
is effected by adding ordinary salt both to the raw mix and to the 
coal used for fuel, and in such quantity that the total added amounts 


1 Bul. Am. Inst. Mining Engineers, 121, 1 (1917). 2 Anderson and Nestell. Loe. cit. 
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to 1 per cent of the raw mix. The salt is added in the solid state and 
is brought into intimate mixture with the raw mix and coal by being 
eround with these materials. The quality of the resultmg cement 
is in no sense impaired by the addition of the salt, for it 1s found that 
the total alkalies in the clinker when salt is added to the charge are 
actually less than when no salt is added, due to the fact that the per- 
centage of the potash is reduced more than the percentage of the soda 
is increased. By this treatment the percentage of the potash vola- 
tilized, which at this plant normally runs about 38 per cent, is in- 
creased to about 65 per cent. Assuming that this percentage vola- 
tilization (65 per cent) could be attained by chemical or other means 
in all plants where a lower volatilization normally prevails, then it may 
be estimated that the recoverable available potash in the cement 
plants of this country would be increased from 71,000 tons to 101,000 
tons annually. In making this calculation it is assumed as before 
that 90 per cent of the total potash volatilized is recovered, but 
that the additional recoverable potash is all availaole. 

Other processes that have been proposed for bringing about an 
Increase in the volatilization of the potash involve treatment with 
such reagents as calcium chloride,’ calcium fluoride,? sulphur dioxide,? 
and steam.? 

The method of increasig the volatilization of the potash by use of 
calcium fluoride as proposed by Huber and Reath ‘ has been tested 
on a commercial scale and is worthy of special mention. In this 
process the fluorine compound is first added to the argillaceous com- 
ponent of the cement material in the form of fluorite and m quantity 
approximately equivalent to the potassium present. This material 
is then properly proportioned with hmestone to give normal Portland- 
cement raw mixture and burned in a rotary kiln in the usual way. 
Volatilization of the potash under these conditions largely takes 
place in the form of the fluoride, which, as it escapes from the kilns, 
becomes associated with the salts of calctum carried over mechanic- 
ally inthe dust. It thus happens that when the dust is leached with 
hot water the potash passes into solution as sulphate or carbonate, 
while the fluorine remains behind as insoluble calcium fluoride. On 
using the residue as cement material the same fluorine is fed into the 
furnace again and may thus be repeatedly used in bringing about 
increased volatilization of the potash. 


1 Herstein, B., J. Ind. Ung. Chem., 3, 426 (1911); Ross, William H., Cire. No. 71, Bureau of Soils; Brown, 
H. E., U.S. Patents Nos. 1,123,841 and 1,124,238; Ellis, C., U.S. Patent No. 1,186,522; Spackman, H.S., 
and Conwell, E. L., U.S. Patent No. 1,202,327. 

2 Ellis, C., U.S. Patent No. 1,186,522; Huber, A. W., and Reath, F. F., U.S. Patents Nos. 1,194,344 
and 1,219,315; Spackman, H. S., and Conwell, E. L., U.S. Patent No. 1,202,327. 

3Spackman, H. S., and Conwell, HE. L., U. 8. Patent No. 1,202,327. 

4 Loc. cit. 
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RELIABILITY OF THE RESULTS OBTAINED. 


All potash determinations were made by the J. Lawrence Smith 
method, modified by converting the chlorides into sulphates to insure 
against loss of potash on driving off ammonium salts and then pro- 
ceeding as in determining water-soluble potash according to the 
Methods of the Association of Official Agricultural Chemists. The 
duplicate determinations in every case were made by different per- 
sons and each percentage value for potash in raw mix and in cement 
thus represents the mean of the results found by two analysts. No 
percentage values of which a mean was taken differed by more than 
0.12, and most differences in results were well within this limit. 

When requesting samples for analysis from the different plants 
attention was called to the importance of selecting cement and raw- 
mix samples which correspond as closely as possible with one another, 
and which were representative of normal working conditions. This 
request seems to have been observed by most if not all plants, and 
judging by letters received it appears that a great deal of care was 
taken by many cement officials in collecting the samples. Each 
sample selected for analysis was reduced to a fineness of 175 mesh by 
erinding the portion which failed to pass through the screen, first in 
a steel-ball mill and then by hand in an agate mortar. The mills were 
not asked to make a distinction between the ground clinker and 
finished cement, for the extent to which these would differ in compo- 
sition in any particular case through the addition of gypsum to the 
former was not thought sufficient to have any material effect on the 
results. 

Analyses corresponding to those given in Table I have been made 
by the Western Precipitation Co.t of samples from five of the plants 
listed in the table. The results obtained are compared with those 
found in this laboratory in Table IV: 


TaBLE I1V.—Comparison of results of analyses made by the Western Precipitation 
Co., and by the Bureau of Soils of raw-mix and cement samples collected on different 
occasions. 


Potash in raw mix, | Potash in cement. 


Company. 3 } 
Bureau \vestern | a | \vestern 

of Soils. PzeciPita-| oF sos. |Precipita- 

mer" | tion Co. * | tion Co. 


Per cent. Per cent. | Per cent. | Per cent. 


Olympic Portland Cement Co.........-... bon tet a BE 0. 56 0.42 0.51 | 0. 45 
Pacific/Portland!| Cement Casas as0- 5. 2S 5 3 ee es ee - 50 ~52 . 50 | 8 
SantaiCruz, Portland ‘Cement iGo: - se... 32... -<-24--488 - eeose ee j 76 | .76 -33 | 28 
Portland’ Cement CosofiUitahe aa aan one = eee eee see #4 .92 24 | 21 
Security Cement and dime'Coree Sy 2 a eee eee } 1.29 


1.12) 1.05 | 1.02 


1 Written communication. 
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The two sets of analyses shown in this table were made on different 
samples collected from four months to six months apart. The close 
- agreement in each case affords evidence that at least for these plants 
the samples collected are representative, and that the potash content 
of the raw material used in cement manufacture is surprisingly 
uniform. 

Further evidence in support of this conclusion is available. Thus, 
R. K. Meade, consulting engineer for the Clinchfield Portland Cement 
Co., reports! that he found 2.49 pounds of potash volatilized at 
this plant per barrel of cement, basing his calculations on the 
results of analyses of samples secured about a year prior to the 
time that our samples were obtained. This result differs but 0.03 
pound from that given in Table I. Again, of two samples of raw mix 
which were collected and forwarded to this laboratory nine months 
apart by the Tidewater Portland Cement Co., both were found to 
contain 0.71 per cent potash. 

It may be pointed out also that as a rule those plants which are 
situated near one another and apparently use material from the 
same geological formation show much the same potash content in 
the raw material used. Thus, there may be compared in this con- 
nection the different plants at Bath, Pa.; Nazareth, Pa.; Fenton, 
Mich.; Mason City, Iowa; Concrete, Wash.; and Hudson, N. Y. 

The values listed in Table I for the weights of dry raw mix 
required per barrel of cement show greater variation than might be 
expected, and it is possible that some of the values given may depart 
somewhat from values representing true working conditions. Where 
no values could be obtained it was assumed that 608 pounds of raw 
mix would be required per barrel of cement. It is recognized, also, 
that in individual cases the samples collected may not be representa- 
tive of normal working conditions, but from the observations made 
it is thought that in the majority of cases the results given are repre- 
sentative. 


ESTIMATED PERCENTAGE OF POTASH IN THE FLUE DUST FROM 
DIFFERENT PLANTS. 


The percentage of potash occurring in the flue dust from any 
plant will vary (1) with the percentage of potash in the raw mate- 
rial; (2) with the percentage of potash volatilized; and (8) with the 
amount of dust carried off from the kilns mechanically. 

As already pointed out, the quantity of dust collected daily in 
the flue stacks and treaters of the plant of the Security Cement 
and Lime Co. amounts to about 61,000 pounds. If it be assumed 
that this represents a recovery of 95 per cent of the total dust, 


1 Written communication. 
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then the total dust escaping from the kilns of this plant amounts 
to about 4 per cent of the charge fed into the kilns. If it be assumed 
that the dust thus collected has undergone about 50 per cent calci- 
nation, then the true loss of raw mix in the form of dust will amount 
to 5 per cent, which is recognized to be a fair average for the plants 
of this country using the dry process. In calculating the values 
given in the last column of Table I, the dust lost from the kilns in 
plants using this process was accordingly taken as 4 per cent. 

On this basis of a 4 per cent loss as dust, the potash contained 
in the dust from the Security plant should amount to 10.9 per cent. 
It happens, however, that. 27 per cent of the dust, containing about 
4.5 per cent of potash, is collected in the flue stacks which connect 
the kilns with the treaters, and, therefore, the remaining dust, 
assuming a 90 per cent precipitation of the potash, should contain 
11.1 per cent of potash. A sample of this dust analyzed in this 
laboratory was found to contain 11.4 per cent of potash. | 

The quantity of dust lost from plants using the wet process is 
dependent on a number of factors, such as the dimensions of the 
kiln, the amount of water in the slurry, and the plasticity of the 
raw mix. Estimates which have been given the writers vary be- 
tween rather wide limits. On the basis of the most reliable infor- 
mation obtained, it is probable that a loss as dust amounting to 
2 per cent of the raw mix is a fair average. This value was there- 
fore used in estimating the percentage of potash in the dust from 
wet-process plants. The actual potash content of the dust escaping 
from any plant will be greater or less than the values given according as 
the true percentage of dust lost is less or greater than the value cited. 

As shown in experiments which are to be described in detail in a 
subsequent publication, the usual constituents of the water extract 
of freshly collected flue dust are sulphates, chlorides, sulphides, and 
polysulphides of potash, soda, and lime. Chlorides occur only in 
small amounts. The percentage of sulphides and polysulphides in 
the dust from different plants may vary greatly, and in some cases 
they may be entirely absent. Free lime is found in all cement dust, 
and in the water extract of all samples analyzed the basic radicals 
were found to be in excess. It follows, therefore, that the potash 
in the water extract of freshly collected flue dust will be present to 
a greater or less extent in the form of the hydroxide. As the dust 
becomes carbonated either by chemical treatment or by exposure to 
the air, the hydroxides present will change into carbonates, and the 
water-soluble potash then will be obtained principally in the form of 
the sulphate, which is the form universally recognized as of most 
value for use as a fertilizer. 

The flue dust as collected by electrical precipitation may be () 
used directly as a source of cement material; (2) disposed of as col- 
lected for use as a fertilizer or in fertilizer manufacture; or (3) leached 
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with a view to preparing concentrated potash salts. The value of the 
dust as a source of cement material is estimated usually at about 75 
cents per ton. The value of potash in the form of sulphate depends 
on the concentration and varies at normal wholesale prices from about 
70 cents per unit for low-grade material to about 90 cents per unit in 
material containing a minimum of 48 per cent potasstum sul- 
phate, or to 95 cents in material containing a minimum of 90 per 
cent potassium sulphate. Thus it is seen that a comparatively low 
percentage of potash in flue dust is sufficient to give it more value 
as a source of potash than as cement material. By separating and 
concentrating the potash occurring in flue dust the price thereof per 
unit is increased, the cost of transportation is reduced, the residue 
becomes available for cement manufacture, and if the process of 
separation involves some such treatment as steaming under pressure, 
the percentage of available potash in the dust of some plants at least 
may be increased considerably. Against these advantages incident 
to the separation of the dust must be balanced the relative cost of 
the operation, which will be dependent on the percentage of potash 
im the dust. The best method of disposing of the dust is thus de- 
pendent on a number of factors which will vary with conditions, and 
it thus happens that all of the three procedures referred to for utiliz- 
ing the dust are now being given practical application in plants 
where the dust is being collected by electrical precipitation. 

The work so far done on the recovery of potash from cement plants 
apparently has been limited to plants using the dry process. No 
installation for the electrical recovery of the dust has yet been made 
in plants using the wet process, but it is probable that the electrical 
method would prove just as applicable to plants of this kind as to 
those using the dry process. At the temperature at which the gases 
leave the kilns no precipitation of water would take place, and as long 
as the temperature of the gases is maintained above 100° while pass- 
ing through the treater pipes little condensation of moisture should 
occur. The dust in all probability would be precipitated either in a 
dry state or as a mud or slurry. If precipitated in the form of a 
slurry, no electrode hammering system would then be necessary, for 
the precipitated material would flow down the pipes continuously 
and a concentrated solution of salts would thus be obtained directly 
without the necessity of any special treatment. 


RATIO OF POTASH TO SODA IN CEMENT DUST. 


The extent to which the potash salts in flue dust may be concen- 
trated conveniently is dependent in a large measure on the proportion 
of sodium salts also present in the dust. It was, therefore, thought 
advisable to determine the proportion to be expected for a number of 
plants with a view to gaining some idea as to the quantity of soda that 
might be contained in the dust. The results are given in Table V. 
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TasBLE V.—Comparison of the amounts of potash and soda lost in cement manufacture. 


| 
Loss from | pa. | VOSS Per | Ra- 


Raw mix. Cement. c t barrel of SAG 
Kilns. | tio of] cement. ae 
Company. Plant. haha He ash to 
Sil soda 
Pot- Pot- Pot- age | Pot- in flue 
Rai Soda. Ach Soda. Ait. Soda.|losses. Bei Soda. aust 
Wee CE Al AACE | Pack Chel late Cls | egnCeal | Ce: Lbs. | Lbs. 
Aipha Portland Cement | Martin’s Creek | 0.92 | 0.48 | 0.77 | 0.50 | 49.1 | 36.7 | 1.34 | 2.82) 1.10) 2.56 
CO. 
Cases Portland! Ces) Ae Nee eee es Bithth .39 . 63 -48 | 50.6 | 25.8 | 1.96 | 2.46 63 | 3 iT) 
ment Co. 
Cowell Portland’ C@e= |i 2%. Ss .59 .43 .55 .49 | 41.7 | 28.8 | 1.45} 1.50) 275 2.09 
ment Co. | | 
Edison Portland Ce-|.............. 5469 .09 . 70 -49 | 39.8] 50.7! .78) 1.76 ! 1.91 92 
ment Co. 
Giant Portland Cement | Egypt ....._.. 77 52 59 57 | 54.5 | 34.9] 1.567] 2.69] 1-16 | 2.32 
Tola. “Portland | Cement) i= 0222.0 58 | 154 60 62 139221 33.65) Pon eat 7 1.26 
£0. 
Knickerbocker Portland)................ 81 .50) .78} .59 | 38.3} 24.4 | 1.57] 1.84 Ta) 250 
Cement Co. 
Lawrence Portland Ce-'|_......222222-.- 1.01 53 88 55 | 45.7 | 25.4 | 1.29 | 2.82) 1.14) 2.47 
ment Co. . i 
Lehigh Portland Ce-| Fogelsville....| .71) .45 | .47] .38) 58.6] 47.2} 1.24 | 2.53} 1.29! 1.96 
ment Co. 
DOME Se hose Shed Mitchell....._. STO ANON ae | 7) 48089) 2702 PG eae OUR a IEOS 
IBYG VN eI, Ormrodseye 24 . 63 .39 -38 .52 | 62.2 | 16.4 | 3.°0 | 2.37 -39 | 6.07 
ID Yay ap ii Kerala Pals esta el Mason City....| 1.00 -50 . 63 61) 61.5 | 25.5 | 2.41 | 3°82 -19 | 4.84 
Marquette Portland Ce- |..............-. . 70 . 58 . 63 -66 | 44.4) 29.7 | 1.49 | 1.01) 1.06! L8o 
ment Co. H 
Nazareth (Cement?Con tt eos oe . 84 .61 . 64 /60.) 53.3 13957.) VB4 |) 227380) e500) WARS 
Northwestern States\}.0:.20.00.2222.. 1.08 43 .99 44 | 41.9 | 38.3 | 1.09) 2.72 | 1.04 ; 2.62 
Portland Cement Co. 
Pacific Portland Cement}..............-- 2503 Sie ESO mo See son) | 10.3 | 3.40) 1.03 43 | 2.48 
Co. | 
Portland: Cement {Corie sa. 72kse. eis 94 70 |. .24 | .45 ) 84.9'| 45.2 | 1.88 | 5.14 | 20a i) WO52 
of Utah. 
Texas Portland Cement '|_........-. di £90 92287) (o8T |) 452/ 4329" 1049! || gia Rana al esas mimes 
Co. | 
Vulcanite Portland) Ce) 252. 225922. 22 8. - 58 .36 | .58 |] .41 | 40.6) 32.4 | 1.25 | 1. 5t | 75 2.00 
ment Co. \ 
Whitehall Portland Ce- |................ aC 258 .58 |} .66) 50:6 | 25.4 | 1.99 | 2.26 misty Ul pk Le) 
ment Co. | | 


Table V shows that for those cases examined the percentage of 
potash in the raw mix with one exception is in excess of the per- 
centage of soda. With one-exception, also, the percentages of potash 
yolatilized are considerably in excess of the corresponding values 
found for soda. It consequently happens that the calculated excess 
of potash over soda in the dust is in most cases quite marked, the ratio 
of potash to soda varying in the case of the samples examined from 
0.92 to 6.07, with an average of 2.66. 


POTASH-PRODUCING PLANTS IN THE UNITED STATES. 


The recovery of the potash which escapes from the stacks of 
cement kilns was first made at the plant of the Riverside Portland 
Cement Co., using the Cottrell process of electrical precipitation. 
The first unit of this installation was completed in 1912, and has 
been in continuous operation ever since. The following year the 
installation was enlarged to take care of the gases from 10 kilns, 
which comprised all the kilns in the plant at that time. This main 
installation is built on the plate and wire principle,’ wherein flat 


1 Schmidt, W. A., loc. cit.; U. S. Patent No. 1,200,887. 
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plates take the place of the pipes used in later installations as col- 
Jecting electrodes and the gases flow horizontally between the plates in- 
stead of vertically as is the case where pipes are used. ‘Two kilns were 
later added to the equipment of the original plant, and to take care 
of the gases from these kilns the multiple-pipe system was installed. 

In the case of the plate and wire treater a separation of the dust 
according to the size of the particles is in a measure effected during 
the process of precipitation, and it thus happens that the fineness 
of the dust collected and the percentage of potash present in the 
precipitated dust increase with the distance of the collecting hoppers 
from the kilns. In the multiple-pipe treater, however, no separation 
of the dust takes place other than that brought about by deposition 
of dust in the flues connecting the treater with the kilns. This dust 
is coarser and contains a lower percentage of potash than the average 
of that precipitated. 

In the original method used for taking care of the material pre- 
cipitated at this plant all of the collected dust was burned in one of 
the kilns connected with the multiple-pipe treater, and the dust 
there precipitated separately collected. The dust thus recovered 
on second precipitation showed a marked concentration of potash, 
which sometimes ran as high as 20 to 23 per cent. This process of 
concentrating the potash was abandoned later, as it was found that 
the potassium sulphate in the treater dust was less readily volatilized 
than the potash in the original mix, and although a high-grade potash 
material could be obtained in this way the double treatment actually 
resulted in a loss of potash, due to the comparatively greater per- 
centage contained in the final clinker. 

In the method now followed for disposing of the collected material 
the coarse dust which settles in the long connecting flue of the multiple- 
pipe treater and in the two rows of hoppers nearest the kilns in the 
plate and wire treater is returned to the kilns for use as cement 
material. The dust precipitated in the multiple-pipe treater and 
in the two remaining rows of the plate and wire treater is separately 
collected and is either disposed of directly for use as a fertilizer or 
leached with water at a temperature above 85° for the preparation of 
concentrated potash salts. By the use of feldspar the potash in the 
raw mix at this plant has recently been increased considerably above 
the value given in Table I, with corresponding gains in the quantity 
of potash volatilized and recovered. 

In the plant of the Security Cement and Lime Co. the multiple- 
pipe system alone is used. In this installation the original flue 
stacks are still retained, and each serves as part of the connecting 
flue which conducts the gases from the corresponding kiln or kilns 
to the treater with which it is connected. By this indirect method 
of connecting the kilns with the precipitating system the gases before 


1 Huber, F. W., and Reath, F. F., U.S. Patent No. 1,220,989. 
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entering the treaters are cooled by radiation in the flues to the 
desired temperature for the precipitation of the dust. 

Several precipitating installations are also in operation at plants con- 
trolled by the Universal Portland Cement Co., but as indicated in Table 
I the dust from these plants is too low grade to be of value as a source 
of potash. The dust collected in the treaters at these plants, there- 
fore, is returned to the kilns automatically, for use as cement material. 

In the precipitating system recently installed at the Cementon 
plant of the Alpha Portland Cement Co., the gases from the kilns 
are passed successively through a boiler and economizer system 
before entering the treaters. In this way the waste heat of the gases 
is utilized for the generation of power by steam turbines. In this 
installation, as weil as in the multiple-pipe treaters already referred 
to, an artificial draft produced by a fan placed beyond the treater 
system replaces the natural draft originally given by the flue stacks. 

The advantages claimed for installations of the kind last mentioned 
are as follows: (1) The abatement of the dust nuisance is effect- 
ively secured; (2) material is recovered suitable as a source of 
potash or cement material or of both when separation of the potash 
is brought about; (3) a greater efficiency in the burning of the cement 
is secured owing to better possible regulation of the draft through 
the kilns, with resultant economy in the amount of fuel required; and 
(4) utilization of the waste heat of the gases from the kilns. 

In the plant of the California Portland Cement Co. use is made of 
the Fleming patent dust-collecting system.1 This system has been 
in operation since 1912, and it is claimed that this method of collecting 
the dust is not only efficient but it is also more than self-supporting, 
there being a saving to the companv in the dust collected, a larger 
output per barrel of oil used for fuel, and fewer shutdowns than before 
the Fleming system was installed. 

The draft for the kilns is produced by fans sucking at the end of 
separate flues. Instead of discharging the gases into the atmosphere, 
these fans blow the dust and fumes into a large dry dust-settling 
chamber, where the velocity of the gases is reduced 90 to 95 per cent 
and about two-thirds of the dust is deposited. The gases carrying 
the extremely fine dust which does not settle then go to wet washing 
chambers, where they are forced up and down several times through 
a system of seven baffle sections in each of which are sprays of water 
for capturing the remaining dust. In both the wet and dry chambers 
means are provided for removing the collected dust to the cement 
kilns. The same water being repeatedly used in the wet baffle cham- 
bers, it soon becomes charged with soluble salts, principally in the form 
of sulphur compounds of potassium, sodium, and calcium. When 
more than one-half pound per cubic foot is found some of the solution 
is removed and replaced by fresh water in order not to cause trouble 


1 Hanna, W. C., Metallurgical and Chemical Hngineering 13, 609 (1915). 
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-with the sprays. Steps are now taken to recover the potash, but 
further details of the operation are held confidential. 

Extensive experiments on a wet process for the recovery of potash in 
cement dust have also been made at the plant of the Sandusky Cement 
Co. One method of procedure as outlined in a patent* granted to 
the president of this company has for its object the recovery of the 
water-soluble potash in the dust. This is done (1) by causing the 
gases to pass over water contained in shallow vessels in which the 
solution of alkali salt is produced and replaced as it becomes satu- 
rated, or (2) by causing the gases to pass upward through a tower 
filled with an open checkerwork of brick at the top of which a spray 
of water is introduced. The flue is so adjusted that most of the 
water is evaporated in its descent over the extensive brickwork surface 
im contact with the gases and a small stream only of a concentrated 
salt solution is discharged continually at the bottom of the tower. 

In a process described in the specifications of a subsequent patent ? 
provision is also made for the recovery of the insoluble potash in the 
dust and for utilizing the waste heat of the gases. This is done by 
passing the gases first through suitable dust chambers and then suc- 
cessively through a boiler and economizer system before passing into 
the spray system as outlined in the preceding patent. The dust 
which is deposited in the connecting flues of the system and the 
mud which settles out from the concentrated salt solutions are then 
returned to the kilns for the purpose of volatilizing the potash pres- 
ent with a view to its ultimate recovery in soluble form. The experi- 
ments on the commercial application of the methods outlined in 
these patents have not yet been completed. Itseems doubtful, how- 
ever, from observations made in various industries on the use of spray 
washers for the purification of gases from a suspended fume, whether 
any wet process will prove as effective as the electrical pes for the 
recovery of potash from cement flue dust. 

The recovery of potash from feldspar by use of the att in the 
manufacture of cement has recently been investigated on a commer- 
cial scale by the Buffalo Potash & Cement Comsoranon operating 
under the Brown? and Warren‘ patents. 

In the process outlined in these patents feldspar is ignited in an 
oxidizing atmosphere with a sufficient quantity of calcium chloride 
to furnish sufficient chlorine to combine with the potassium in the 
feldspar and with a sufficient quantity of calcium carbonate to bring 
the hme content of the resulting material up to 40 to 55 per cent. 
The charge is burned in a modified type of copper blast furnace at a 
temperature practically the same as that required in Portland-cement 
practice with rotary kilns. Under the conditions of the operation the 
charge is reduced to a molten mass yielding a cement containing no 


1 Newberry, S. B., U. S. Patent No. it en sey, 3U.S. Patents Nos. 1,123,841 and 1,124,238. 
2 Newberry, S. B., U.S. Patent No. 1,150,295. 4U.S. Patent No. 1,123,964. 
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free lime and at the same time a high percentage volatilization of the 
potash is obtained. A combined dry and wet system was first used 
for recovering the potash, but, not proving satisfactory, this has been 
replaced by the Cottrell process of electrical precipitation. 
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SUMMARY. 

(1) Analysis of samples of raw mix and of cement from 113 cement 
mills in the United States and Canada shows that the potash in the 
raw mix varies from 0.20 to 1.16 per cent, and that the percentage 
of potash volatilized in the different plants varies from 24.5 to 95.9 
per cent. From the results thus obtaimed it has been calculated 
that the potash escaping from the kilns of these plants ranges from 
0.35 to 5.14 pounds per barrel of cement produced, with an average 
for the plants of this country of 1.93 pounds. On the basis of an 
average production of 90,000,000 barrels, the total potash escaping 
from the cement plants of this country amounts to about 87,000 tons 
annually. It has been demonstrated commercially that 90 per cent 
of the potash escaping in the dust is recoverable, and from experi- 
ments made in this laboratory it would appear that 95 per cent of 
the recoverable potash is, or may readily be made, available. The 
recoverable potash in the cement industry therefore amounts to 
approximately 78,000 tons and the available recoverable potash to 
75,000 tons, or to 71,000 tons when plants losing less than 1 pound 
of potash per barrel of cement are omitted. 

(2) Assuming, in the light of results that have already been ob- 
tained, that it would be practicable to increase the percentage of 
potash volatilized to at least 65 per cent for all plants, then the 
available recoverable potash would amount to more than 100,000 
tons annually, or to nearly one-half of the normal consumption of 
potash in this country. 

(3) If it be assumed, further, that the dust escapmg from the kilns 
amounts on an average to 4 per cent of the raw mix fed into the 
kilns in the case of dry-process plants, and to 2 per cent for plants 
using the wet process, then, on the basis of the results already given, 
the total potash content of the dust escaping from the former plants 
will vary in different plants from 1.4 to 20.0 per cent, and in the 
latter from 9.1 to 35.1 per cent. 

(4) The ratio of potash to soda in the dust as determined for 20 
different plants varies from 0.92 to 6.07, with an average of 2.66. 
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IMPORTANCE OF SHEEP PRODUCTION ON GOVERNMENT 
RECLAMATION PROJECTS. 


Two of the leading factors influencing the development of agri- 
culture on the Government reclamation projects are the isolated 
location of these irrigated regions and the local conditions neces- 
sitating or favoring the production of forage and grain crops, which 
ordinarily will not bear the cost of transportation to the large con- 
suming centers. It follows that the development of these irrigated 
lands requires the establishment of live-stock industries, in which 

1 This bulletin has been prepared under the direction of Mr. F. D. Farrell, Agriculturist in Charge of 
the Office of Demonstrations on Reclamation Projects of the Bureau of Plant Industry, asa part of the work 
of that office in the development of agricultural industries on the Governmentreclamation projects. That 
part of this work which relates to live-stock production is conducted in cooperation with the Bureau of 
Animal Industry. The suggestions made in this bulletin, while based primarily on the results of observa- 


tions on the Minidoka Reclamation Project, are applicable to several otherirrigation projects in the north- 
western United States having similar climatic ¢ aoe agricultural conditions. 
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the chief crops produced can be utilized locally and the products 
marketed at a profit. The failure in recent years of live-stock 
production in the United States to keep pace with the rapidly increas- 
ing demand for live-stock products has resulted in high prices for 
these commodities, and this has intensified the irrigation farmer’s 
interest in animal industries. 

The national deficiency of live-stock products has been more 
acute with respect to sheep than any other class of farm animals. 
The strong demand for wool and mutton, together with a decreas- 
ing national supply, has resulted in extremely high prices during 
recent years. These facts have directed the attention of an increas- 
ing number of irrigation farmers to the possibilities of sheep produc- 
tion on irrigated lands. 

The interest in sheep production has been particularly noticeable 
on the Minidoka Reclamation Project. Since the writer was sta- 
tioned on the project in October, 1914, there has been a rapidly in- 
creasing demand for information regarding methods of sheep pro- 
duction, and the local sheep industry has experienced steady develop- 
ment. During the past two years, special attention has been paid 
to sheep production, and information has been secured bearing 
on the problems with which irrigation farmers are confronted in the 
development of the industry. 

This bulletin has been prepared with special reference to the 
Minidoka project, but it should also be of value to farmers interested 
in sheep production on other reclamation projects where the condi- 
tions are similar. In order to give a general understanding of the 
conditions under which sheep are produced on the Minidoka project, 
the more important climatic and agricultural features of the district 
are briefly described. | 


AGRICULTURAL CONDITIONS ON THE MINIDOKA PROJECT. 


The Minidoka Reclamation Project is situated in the Snake River 
Valley of Idaho, 70 miles west of the town of Pocatello. The project 
contains approximately 120,000 acres, somewhat more than half of 
which lies on the north side of the river under the gravity irrigation 
system, the remainder lying on the south side being irrigated by 
pumping. Surrounding the project on all sides are wide sagebrush 
plains, large areas of which are now being settled and reclaimed by 
dry farmers. On the north les an area approximately 90 miles wide 
including sagebrush plains, a small irrigated valley, and a moun- 
tainous range area, beyond which the Sawtooth National Forest is 
located. To the south there is an area of public Jand which is being 
taken up by dry farmers, and beyond this is a mountainous range 
area, including the Minidoka National Forest. Cattle and sheep 
are grazed in the mountainous ranges during the summer. On the 
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sagebrush plains the grass is good from April to June, and again after 
the fall rains, usually from October to December. 

The average elevation of the irrigable area of the project is 4,225 
feet. The annual precipitation averages 14 inches, most of which 
occurs during the winter months. The annual range of temperature 
is from — 20° to 100° F. The irrigation season extends from April 1 to 
October 31. The principal soils are a heavy clay loam, a sandy 
loam, and a sand, approximately 11 per cent of the project being 
made up of sandy soils. The farm unit in most instances is 80 
acres. A few farms are smaller than this and a few somewhat 
larger. 

As is generally true in the reclamation of arid lands by irrigation, 
alfalfa is one of the principal crops produced on the Minidoka project. 
This crop is important both because its growth increases the produc- 
tivity of the soil and because of its value in live-stock production. 
Other important’ crops grown on the project are grains, sugar beets, 
and potatoes. In 1916 crops were harvested from approximately 
80,000 acres on 1,849 farms. Alfalfa hay was produced on 37,300 
‘acres and clover hay on 880 acres, the areas devoted to these two 
crops being about 47 per cent of the total cropped area of the project. 
About 20,000 acres, or 25 per cent of the cropped area, were devoted 
to grain crops, chiefly wheat, oats, and barley. These hay and 
grain crops in ordinary times can be utilized most advantageously 
when fed to live stock. The 8,666 acres of pasture on the. project 
in 1916, together with the acreage in alfalfa and grains, amounted 
to more than 80 per cent of the total cropped acreage. Thus, the 
importance of establishing live-stock industries on the project 1s 
evident. Not only have the direct results of live-stock farming 
proved profitable, but the benefits in the way of soil improvement 
have been marked. Almost without exception the farms that pro- 
duced maximum crop returns in 1916 are those where live stock is 
kept and fed. There are individual instances of crop-yield increases 
as great as 60 per cent resulting from a single application of manure 
to the land. 

Because of these facts the interest in all kinds of live stock is 
great, and the live-stock population has imcreased rapidly during 
recent years. Table I, which has been compiled from data furnished 
by the United States Reclamation Service, shows the number of 
live stock on the project at the beginning and at the close of the year 
1916. 

Owing to the unusually high prices of grain it was found profit- 
able to sell spring pigs during the summer of 1916 as stock hogs and 
serum hogs. For this reason, the swine population decreased materi- 
ally during the year, and a large proportion of the hogs on the farms 
in December were breeding stock. 
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TasLe [.—Live stock on farms on the Minidoka Reclamation Project in 1916. 


Item. Jan. 1. | Dec. 31. | Increase. 

Per cent 

HH OTSeS 5.5 820 ceo hy Se ee Sean eee ae AIRE IS Sic Pir eee perce 6,557 7,174 9.5 
Dairy cattle: ses. SS see Mee eee 8! Netgear ences Bee eee eee ee 6, 902 7,314 6.0 
Beef cattle. . 45a See Ue ee ee wy so -anayey emer eisek erase eee. ie 1, 220 2,304 89.0 
IHOgSe ase Ree ee Ee ee eee ene stoi See ee eet nee tee ame eee 42, 933 23,610 —46.2 
= 24.0 


Sheepic. eee cece aera et 2) RI apne eso eee 16,748 | 21,029 


All kinds of live stock are proving profitable on the project, and 
sheep are becoming particularly popular. The high altitude and the 
dry climate are well adapted to the production of sheep, which in 
this section have been remarkably free from internal parasites and 
diseases. Sheep have been found useful in checking the growth of 
weeds on ditch banks and in fence rows, and they are also relatively 
easy to care for, especially during the rigation season when the 
farmers are nes with other work. 


HISTORY AND PRESENT STATUS OF THE SHEEP INDUSTRY ON THE 
MINIDOKA PROJECT. 


RELATIONSHIP OF FARM SHEEP PRODUCTION TO THE RANGE SHEEP INDUSTRY. 


In the early years of the development of the Minidoka project 
sheep were kept on very few farms. As the project produced large 
quantities of alfalfa hay and was situated in the midst of extensive 
grazing areas, it soon became the winter feeding ground of large 
numbers of range stock, chiefly sheep. The number of sheep win- 
tered on the project during recent years has varied from 60,000 to 
195,000. Permanent headquarters for range sheepmen have been 
established on a number of farms, where lambing sheds have been 
built and large quantities of hay fed. The range sheep are used 
extensively in cleaning up hay and grain fields after harvest, as shown 
in figure 1. 

For a long time there was a belief that irrigation farmers could 
not compete with the men on the ranges in the production of either 
wool or mutton. The fallacy of this belief, however, has long been 
shown by successful farm sheep producers. Because of the hazards 
of the range sheep business and of the difficulties resulting from 
settlement by dry farmers of areas formerly used as grazing lands, 
the rangemen in many sections are coming to favor sheep produc- 
tion on farms. As the difficulties of range sheep production increase 
and with increasing demands for wool and mutton, the possibilities 
for producing sheep on irrigated farms should become increasingly 
attractive. 

Under certain conditions, particularly where irrigated pastures 
haye not been successfully developed, the ewes from several differ- 
ent farms are sometimes combined into ‘a cooperative band and sent ~ 
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Fic. 1.—A band of sheep grazing on the aftermath in hay and grain fields on the Minidoka Reclamation 
Project. Range sheep are used extensively for this purpose and also to consume surplus alfalfa hay 
produced on the irrigated lands adjacent to the range country. 


to the range under the care of a competent herder. Where a good 
summer range is available this is a desirable arrangement, especially 
when individual flocks include more than 100 head. It is believed, 
however, that this practice, while important to a comparatively 
small number of farmers, is not likely to be generally adopted. One 
important deterrent to extensive development in this direction is 
the lack of available range. 

There are two features in which the range sheep industry has a 
definite relationship to the production of sheep on irrigated farms. 
These features relate to the farm production of pure-bred rams 
for use on the range and the use by small farmers of orphan and 
disowned lambs from range herds. Both of these features will be 
discussed more fully later. : 


SHEEP POPULATION OF THE MINIDOKA PROJECT. 


The number of sheep kept on farms on the Minidoka, project 
increased from 3,599 in 1911 to 21,029 in 1916. The highest number 
in any year previous to 1916 was 19 ,965, in 1913. During that year 
the prices of sheep advanced oh ote lke and a large number of 
farmers on the project sold out, believing that they could restock 
their farms later at low prices. Since that time, however, the prices 
have continued to advance, and the sheep population of the pro- 
ject has increased but slowly. In 1916 the 21,029 sheep on the pro- 
ject were kept on 289 farms, the average number per farm being 
72. If from the total ness the few relatively large bands which 
are kept on the range a part of the time were eliminated the aver- 
age number per farm would be about 50. The farms vstnen sheep 
are kept are fairly evenly distributed throughout the project, although 
there is a tendency for them to be grouped in the vicinity of lambing 


6 BULLETIN 573, U. S. DEPARTMENT OF AGRICULTURE. 


camps. This grouping is to be explained largely by the fact that 
the settlers have been quick to adopt the practices which have been 
found successful by their immediate neighbors, who in these instances 
are the men who have been in the sheep business longest and hence 
have established rather elaborate sheep-producing enterprises. 
Of the 289 farms where sheep were kept in 1916, 133 carried fewer 
than 10 sheep each; 46 carried from 10 to 20 sheep; 49, from 20 to | 
50; 23, from 50 to 100; 28, from 100 to 200; and 10 carried more 
than 200 each. The flocks containing fewer than 10 head are chiefly 
those where a start is being made in the sheep industry. 


AGRICULTURAL DIVERSITY OF FARMS PRODUCING SHEEP. 


As a rule, the farms where sheep are kept are well improved and 
have a wide diversity of crops and live stock. Of the 289 farms 
keeping sheep in 1916, 263 also carried dairy cattle, the average 
number of dairy stock on these farms being eight head. A total of 
253 of the farms carrying sheep also carried hogs, the average num- 
ber of hogs being 27 head. Of the 289 farms carrying sheep, 61 
carried an average of 11 head of beef cattle. A total of 270 of the 
sheep-producing farms produced alfalfa, 179 produced grain, 88 
produced either beets or mangels, and 219 had irrigated pastures. 
The average areas per farm in these crops were 10 acres of pasture, 
27 acres of alfalfa, 17 acres of grain, and 9 acres of root crops. 

As the country is new, there are few definite or well-established 
systems to follow, as is the case in older communities. There is 
every reason to believe, however, that a diversity of industries on 
the farm on these irrigation, projects is greatly to be desired, and it 
appears that the farmers producing sheep on the Minidoka project 
afe gradually approaching a system of desirable diversity. 


‘METHODS OF SHEEP MANAGEMENT. 


RELATIONSHIP OF SHEEP PRODUCTION TO OTHER INDUSTRIES ON THE FARM. 


The methods whereby sheep are produced on the Minidoka project 
fall into two classes—those practiced on the majority of sheep farms 
where the flocks are small and those practiced on a few farms which 
are either specialized sheep farms or where the major portion of the 
agricultural activity is directed toward the production of feed for 
range sheep during the winter. It is to be expected that most of 
the sheep growers on the project will continue to raise sheep in con- 
nection with other agricultural industries rather than as a specialty. 
Except in special cases, it is doubtful whether sheep should be made 
the major industry of afarm. On the average farm, a flock of from 
20 to 50 ewes can be kept with advantage to the farm and with a 
profit to the owner. For those who wish to make more of a specialty 
of sheep production, a flock of from 60 to 100 head is a popular and 
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desirable size. Such a flock requires special pastures, winter feed 
yards, and a lambing shed. It is questionable whether in the long 
average of years it will be desirable to use an entire farm for sheep 
production, as has been the tendency in a few cases. <A flock of 
100 ewes will require on the average the entire production of 20 
acres of land. A flock of 350 or 400 ewes would require the entire 
production of an improved 80-acre farm. With one of these large 
flocks there would be no inexpensive waste feeds and no by-products 
of other agricultural industries, which, are so profitably utilized by 
sheep on farms where sheep production is not the exclusive industry. 
The importance of sheep in the utilization of waste materials should 
receive special emphasis. It is largely through such utilization that 
the economical production of sheep on irrigated farms is possible. It 
is important, therefore, that farmers who contemplate engaging in 
sheep production on these irrigated lands should carefully consider 
the relationship of sheep to other industries of the farm and should 
pay special attention to the utilization of waste materials. Of the 
- 289 farms on the project carrying sheep in 1916, only 38 carried more 
than 100 head each. This indicates the general tendency to keep 
sheep in relatively small bands, and such a tendency is to be encour- 
aged. 


FOUNDATION STOCK. 


Getting started.mThere are various methods whereby a farmer 
can secure a start in the sheep industry on the Minidoka project. 
Experience here and elsewhere has led to the conclusion that 
for the inexperienced man the foundation stock should be grades. 
The successful production of pure-bred stock requires expert 
knowledge both in the selection of stock and in its management. 
It is also important to consider that the cost of starting with 
pure-bred ewes is much greater than that of starting with grade 
ewes. So far it has been possible for farmers on the project to 
secure a start in the sheep business by obtaining orphans and 
disowned lambs from range sheep camps on the project. These 
lambs usually may be had for the asking. There are numerous 
instances in which such lambs have been taken from the camps, fed 
cows’ milk, carefully handled during the first few weeks of their 
lives, and thus become the origin of successful farm flocks. Good 
results are secured by feeding cows’ milk from a bottle with a small 
rubber nipple attached. Lambs when obtaining their feed by 
natural methods receive their milk in small quantities at frequent 
intervals. This should be kept in mind in the early feeding of 
lambs secured from range bands. The milk should be clean and of 
uniform temperature, as determined by a thermometer. Farmers 
who are successful in raising lambs on bottles feed two or three 
tablespoonfuls of milk every two hours for the first few days and then 
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gradually increase the quantities of milk and the intervals between 
feedings. Where a number of lambs are fed from a few bottles, it is 
convenient to have the vessel holding the milk heated and carried in 
a receptacle containing hot water, which keeps the milk at the proper 
temperature, so that it is not too cold when the last few lambs are 
fed. For a large number of lambs a barrel or tank equipped with a 
number of rubber nipples at the base is very convenient. 

Carelessness in any detail of feeding is likely to result in scours. 
The lambs should not be given too much. The temperature of the 
milk should be about 92° F. The bottles and nipples should be kept 
scrupulously clean. Scours are best overcome by boiling the milk 
for a few feeds after the trouble appears. Other common remedies 
successfully employed are the feeding of a small quantity of charred 
flour or a ‘teaspoonful of lime water in the milk. For severe cases, a 
tablespoonful of castor oil is given. Boiled milk should not be fed 
continuously, as it causes constipation. 

Breeds.—Because of the intimate relationship which has axistoa 
between the farm sheep industry on the project and sheep production 
on the adjacent ranges, the breeds grown on the project are those of 
the surrounding range. In this section the popular range ewes are 
grades of the C type Merino and the Rambouillet or the crossbreeds 
of a long-wool buck (Lincoln or Cotswold) and_ fine-wool ewes. 
Some range bands contain three-fourths or more of the long-wool 
blood. As a rule, however, the range ewe that is most popular is 
the one carrying from one-half to three-fourths of fine-wool blood 
and the remainder long-wool blood. While there are some differences 
of opinion among the rangemen, the method followed by most of them 
is to use Rambouillet and long-wool bucks to keep the desired pro- 
portion of fine-wool and long-wool blood in the range band. The 
ewe lambs from these matings are kept to replenish the flocks, while 
the males are marketed as wether lambs. For the ewes which are 
to produce mutton lambs, black-faced bucks are used, and the entire 
lamb crop, both male and female, is marketed, usually early in the © 
season. 

The difficulties of range sheep production have bean so acute in 
recent years that only the more efficient of the range sheepmen have 
remained in the business. These men are ‘renee progressive and 
quick to grasp opportunities for increasing their profits. One result 
of this is that the bucks now used are practically all pure-bred 
animals of the best quality obtaimable. This has resulted in a 
strong demand for pure-bred bucks from the Minidoka project and 
has presented good opportunities to sheep growers on the project. 

The production of registered sheep was started on the project by 
the establishment of a flock of pure-bred Hampshires in 1911. At 
that time sheepmen were beginning to realize the value of this large 
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black-faced breed as a first cross on the range ewes for the production 
of choice early-maturing mutton lambs. The Hampshire flock 
started at this time was selected and owned by an experienced 
sheepman, who was an expert judge of sheep; consequently, the flock 
ranked high as to both type and breeding. As most of the Hamp- 
shire flocks at present on the project have descended from this 
foundation stock, the Hampshires as a whole, both grade and pure 
bred, are of uniformly good quality. In 1912 several farm flocks 
of pure-bred and high-grade Lincolns and Cotswolds were established 
for the purpose of raising rams to sell to the range sheepmen. The 
farmers who started properly and gave their flocks good care and 
attention and have become well informed regarding sheep hus- 
bandry have been very successful. Their example is being followed 
by other enterprising farmers. ; 

‘So far, the Rambouillet breed has not been popular among the 
farmers. The irrigation farmer quite properly has had in view mutton 
production as a first consideration. Consequently, mutton breeds— 
Lincolns, Cotswolds, Hampshires, and Shropshires—are the most 
popular at present. There is an excellent opportunity, however, 
for the establishment. of pure-bred Rambouiullet flocks, chiefly for 
the production of rams for use in range bands. 

The 21,029 sheep on the project at the close of 1916 are classified 
in Table II, which shows the number of both grades and pure breds 
- of each of the breeds represented on the project. 


Tasun Il.—Breeds of sheep on the Minidoka Reclamation Project in 1916. 


Number of— 
' Breed. E; ns | Total. 
Pure nclass- 
preds. | GTades. | ‘ified. 
Hampshire emir coches ac cp enl eal oo clans REE G .aeaae 246 S20nIEeeeee Spite 1,.066 - 
SH ROMS Mine eye Ss ene OME AO Seed on et RT ALS 8) ee 0 LOGH| AE aes aes 106 
(CLOTHS ONO rs Sa Ss les SI ets rece eI ea Se IIMA ct Soa 209 Ue eae 553 
TUptaye(o) bes SSS are ek eRe Es Ur ees a ao ie SNR a a eg A 2  a 300 8,009) | em rsstoe sat 3, 653 
LEST OO} DIU DKEy Baa se ese ae per a a ee aE Ce! ee ie 40 (A44e ls ooh ss 484 
WelaimneyMenmorte: oe Es Bee ee Pa TS. EN ee 0 250 SELF GE Eee 250 
Nie uD Ree dSieureey syncs snae pelea: selina Uist the «cain Mime SS cea a Petal, Ol 14,917 
FTO Galline teeny sos eocuriete tees ee Mons yh... Sa ee 795 5,317 14,917 21,029 


Of the crossbred or range type of sheep kept, there are some flocks 
that are being graded up. Others are bred so as to maintain the cross- 
bred type, as it is popularly supposed that the ewes of this mixture are 
hardier and are better mothers than those of straight breeding. 
Other arguments advanced in favor of crossbreds are that the ewes 
of this type will yield more wool than the Down breeds and that if 
a good buck is used good mutton lambs will be produced. There 
is some justification for these arguments, but it is also true that these 
flocks can never attain the high standard of individual excellence 
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that is being reached by grading up through the use of well-selected, 
pure-bred rams of a chosen breed. With the exception of the case 
of a few men whose sheep production is carried on on the range as 
well as on the farms, it is believed that the continuous production of 
crossbreds is inadvisable. 

Selection of ewes.—Summer or early fall is the best time for selecting 
a flock. At this time the breeders are cutting down their flocks 
for the winter. From many of the range bands good ewes can be 
purchased at reasonable prices. In selecting, it is important that 
the desirable type be borne in mind. Essential points indicating 
good breeding are a feminine head; deep body with good spring of 
ribs; a wide, level back, carrying out well on the rump; a good 
fleece, covering the body uniformly; sound teeth; and good udders. 
Common mistakes made in bands otherwise well selected are the 
failure to determine the age by looking at the teeth and the over- 
looking of barren ewes. The age is easily determined by examining 
the front teeth. Lambs, up to the time of the first shearing, are 
easily distinguished, usually by general appearance; otherwise by 
their milk teeth. About the time of the first shearing, the middle 
pair of milk teeth are replaced by permanent teeth, which are prac- 
tically twice as broad as the milk teeth. Sheep with four permanent 
teeth are designated as 2-year-olds, those with six teeth as 3-year-olds, 
and a fullset of eight permanent teeth appears when the sheep 1s 4 years 
old. At varying ages, depending on the breed, care, and individu- 
ality of the mature sheep, the teeth become spread, and the sheep 
is called a ‘‘spread-mouth;” or a part of the teeth may be lost, and 
the sheep is called a ‘‘broken-mouth;”’ or all the teeth may be gone, 
in which case the sheep is called a ‘‘gummer.’’ Careful attention 
should be paid to these points when ewes are being selected. 

Selection of the ram.—Although most of the farm flocks on the 
project are grades, the general custom is to breed to a registered 
ram. Examples of improvement and increased value brought about 
in range bands by the use of good pure-bred rams are so numerous 
and so obvious that practically all the farmers breed their ewes to 
pure-bred males. Generally speaking, grade rams are used only 
when it is impossible to secure a satisfactory pure bred. The good 
results of using pure-bred rams on the farms are becoming very 
marked. As the ram is ‘‘more than half the flock,’ extra care 
should be used in his selection. Perhaps the most common mis- 
take made in this connection is to overlook the fact that a pedi- 
cree in itself is not an absolute guarantee of individual excellence. 
Purity of breeding, as indicated by the pedigree, is important, and 
no ram without it should be selected; but in addition to good breed- 
ing, the ram should have the desirable individual characteristics of 
his breed. He should be masculine, healthy, and vigorous. He 
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should have a wide, deep chest, a good spring of rib, good bone, and 
carry out uniformly. The fact that all undesirable characteristics 
of the ram may influence the entire lamb crop should not be lost 
sight of, but should prompt the farmer to exercise great care to see 
that the individual selected is uniformly good in all respects. 


BREEDING PRACTICES. 


As the climatic and other conditions of the Minidoka project are 
favorable to the production of early lambs, it is the common practice 
to breed for February and early March lambing. As the gestation 
period of ewes is 147 days, February and early March lambing re- 
quires that the ewes be bred in September or early October. It is 
seldom necessary in this locality that the ewes be ‘‘flushed’’—fed 
heavily in order to make them come in heat. 

Breeding mature ewes.—For the small farm flock of 10 to 25 ewes 
a ram lamb may be used. In the flocks containing 25 to 60 ewes it 
is necessary to use an older ram. It is the general practice to allow 
bucks to run with the ewes during the breeding period, but where 
a large number of ewes are to be bred to one ram, he is turned with 
the ewes only in the morning and in the evening. Some flockmasters 
make a practice of marking the ewe when she is bred, the mark indi- 
cating the time of breeding. The same mark can be used throughout 
the breeding season, provided its location is changed so as to indicate 
the week during which the ewe was bred. Such marking is convenient 
at lambing time, when it is desirable to isolate the ewes which are 
about to lamb. A further use of marking is that, in case the ram 
is not a sure breeder, it enables the flockmaster to determine early 
in the season which ewes have failed to conceive. Some sheep 
erowers paint the breast of the ram with a paint that ultimately fades 
from the wool. By a change in color of the paint used each week 
the approximate time of lambing is indicated. 

Breeding ewe lambs.—Owing to the present demand for sheep and 
the consequent desire on the part of flockmasters to see their flocks 
increase rapidly, the ewe lambs are sometimes bred. This practice 
is confined mostly to the Hampshire breed, but it is followed to 
some extent with the long wools as well. Usually the lambing per- 
centage obtained with ewe lambs ranges from 50 to 60. Ewes which 
have been bred as lambs are not as large when they are yearlings 
as ewes which have not been bred early. The difference in size is 
usually small, however, by the time the ewes are 2 years old. The 
- breeding of ewe lambs can be practiced only in those flocks where 
the lambs come early and where growth is rapid from the beginning. 
As size in ewes is a very important consideration, the breeding of 
ewe lambs is to be regarded as an undesirable practice. 
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Care after breeding.—After breeding, the ewes ordinarily require 
no special care or feed until winter. If the waste feeds in the fields 
are sufficient, there is no better practice than to allow the ewes to 
run in the fields until snow falls. It is important to remember, 
however, that the effect of inadequate feed may not be readily ob- 
served at this season because of the long fleece on the ewes. Methods 
of feeding ewes during the winter are further discussed in the chapter 
on feeds and feeding. 

Care of the ram.—In summer, a small separate pasture is usually 
provided for the ram. The farm orchard is a convenient and satis- 
factory place for this purpose. During the breeding season, if there 
are a large number of ewes to be bred to one ram, he is kept by him- 
self during the day and is fed oats and bran in addition to hay or 
pasture. The care of the ram in winter is much the same as that 
for ewes, except that only a few flockmasters feed roots to the ram, 
and these only sparingly, whereas a large number of sheepmen feed 


roots to ewes. 
LAMBING. 


Lambing ordinarily occurs in February or early in March. A few 
days before lambing the ewes are placed in a sheltered yard or shed. 
The grain rations are greatly reduced. In some cases, when the ewe 
shows signs of lambing within a day or two, she is placed in a pen 
by herself. If there are any loose, dirty locks of wool around her 
udder they should be removed. The ewe is carefully watched but 
not disturbed. If she has had plenty of exercise and has been well 
cared for, little trouble should be experienced in lambing. 

The lambing period is one of the most important of the year, and 
successful lambing requires almost constant attention by the herds- 
man. Occasionally it is necessary to assist the ewe because of a diffi- 
cult presentation of the lamb, but the chief need is to assist the weak 
lambs immediately after birth. If the lamb is chilled, it is taken to 
a room where a fire is kept burning and warmed by blankets and 
rubbing. A common practice is to dip the chilled lamb into a pail 
of water as hot as the hand can bear. The lamb is then carefully 
dried, given a few spoonfuls of its mother’s milk, and returned to the 
ewe. The use of warm blankets is to be preferred to dipping in hot 
water. Milk, freshly drawn from the mother ewe, should always be 
given a weak lamb as soon as possible. A tub or half barrel, bedded 
with straw and containing a jug of hot water covered with a blanket, 
is a good place for keeping the lambs while they are being warmed 
and fed. As soon as possible, the lamb should be returned to its . 
mother. 

In many cases, particularly with young ewes and those which have 
been fed a ration of hay only, there is difficulty in inducing the ewe 
to allow the lamb to nurse. In such a case, the ewe should be held 
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and the lamb assisted. If the ewe persists in fighting the lamb, it 
may be necessary to tie her with a small halter or confine her in a 
stanchion made by driving two stakes in the ground. Some of the 
permanent sheds on the project have small stanchions provided in 
the slats of the hayrack along the wall. It is customary to leave 
the ewe and her lamb in the pen two or three days, until they get to 
know each other thoroughly and the lamb becomes strong and active. 
During this period the ewe should be fed but little grain. After the 
first few days the ewe and the lamb are turned into the larger pens 
with other ewes and lambs of the same age, or if the weather is favor- 
able they are turned into a dry, sunny, wind-protected yard. A few 
days later they may be turned into the larger yard with the band. 

Special care should be exercised in keeping the lambing sheds and 
yards clean. It is not sufficient that the lambing quarters be given 
the customary one cleaning a year. Hach pen should be thoroughly 
cleaned and disinfected before the ewe and her lamb are placed in it. 
This is a necessary safeguard to the health of the young lamb, par- 
ticularly with reference to white scours, from which serious losses 


sometimes result. 
DOCKING AND CASTRATING. 


The lambs are docked and castrated when they are from one to 
two weeks old. The work is best done in the morning of a clear, 
bright day. While it is the general practice to castrate and dock at 
the same time, it is better to do the docking a few days after the 
castrating, as the shock of two simultaneous operations is severe and 
is likely to give the lambs a serious setback. Docking is usually 
done with a sharp knife. From the results secured by the use of 
hot docking-irons and pinchers in certain sections of Idaho, it appears 
that this method should be adopted by sheep growers on the Mini- 
doka project. It has been ascertained that lambs docked with a hot 
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Fic. 2.—Part of a farm flock of sheep on irrigated pasture on the Minidoka Reclamation Project. From 
6 to 10 ewes and their lambs can be carried through the summer on an acre of this pasture. 
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iron average about a pound more in weight a week after docking than 
lambs which have been docked by the ordinary method and have 
lost considerable blood. Castrating is done by cutting off the lower 
third of the scrotum and pulling out the testicles, cords and all. 


WEANING. 


In the pure-bred flocks, or where it is desired to keep the ewe lambs 
for breeding purposes or for the fall and winter markets, weaning 
takes place when the lambs are 4 to 5 months old. By separating 
the lambs from the band and allowing them the run of good pasture, 
they do as well as if allowed to run with the ewes all summer. In 
some instances they do better. Moreover, if the ewes are allowed a 
summer’s rest, they will breed earlier and produce a higher percent- 
age of lambs. 

A common method of weaning lambs on irrigated pasture is to 
leave the lambs in the same field but to remove the ewes to poor feed 
out of sight and hearing of the lambs. At the same time the ram 
lambs should be separated from the ewe lambs. A few flockmasters 
wean the lambs gradually, allowing them to be with the ewes for 
short periods twice each day. This method has some advantages, 
the chief of which is that the milk of the ewes dries up gradually. 
However, the practice can be continued too long, two or three days 
probably being the best time. Whatever method of weaning is pur- 
sued, it is necessary to watch the ewes carefully and to draw the 
milk from the udder in case of congestion. 
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Fic. 3.—Sheep grazing on a canal bank on the Minidoka Reclamation Project in August, 1916. Used in 
this way, sheep are helpful in eradicating weed growth, and at the same time fhey produce mutton and 
wool at small cost. 
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Fig. 4.—A farm flock of sheep on an alfalfa field in winter, eating mangels fed whole. The feeding of roots 
in this manner is a common practice on the Minidoka Reclamation Project. 


FEEDS AND FEEDING. 


The feeds for sheep on the Minidoka project may be divided into 
three general classes: Pastures, waste products, and the feeds used 
in late fall and winter. While there are some variations in the peri- 
ods of utilizing the different feeds, in general the irrigated pastures 
are the basis of summer feeding; the waste products are utilized in 
late summer and early fall, and hay and grain are fed in the winter. 

Pasturing.—lrrigated pastures are becoming increasingly popular 
among sheep growers on the project. Of the 289 farms carrying 
sheep in 1916, 219 contained pasture, the average pasture area being 
10 acres per farm. A part of a farm flock on irrigated pasture is 
shown in figure 2. There is a variety of pasture mixtures in use. 
Nearly every pasture, however, contains bluegrass and white clover. 
Perhaps most of the pastures at present'in use were originally seeded 
to the mixture recommended by the Idaho Agricultural Experiment 
Station,' containing the following, at the rates of seeding in pounds 
per acre indicated: Kentucky bluegrass, 8 pounds; orchard grass, 
5 pounds; smooth brome-grass, 5 pounds; meadow fescue, 4 pounds; 
timothy, 4 pounds; and white clover, 2 pounds. The total quantity 
of seed in this mixture is 28 pounds per atre. These special pasture 
mixtures, which are in general use on the Minidoka project, provide 
rich feed and are ready early in the season. On these pastures the 
lambs make such rapid growth that they are ready for market early 
in June. In 1916, the first shipment of spring lambs was made on 
May 27, when two carloads left the town of Rupert. These lambs 
were bought to weigh between 65 and 80 pounds. The best lot in 
the shipment was a flock of 74, averaging 734 pounds each at the 
loading station. These lambs had been born during the latter part 


1 Welch, J. S. Grass pastures for irrigated lands. Idaho Agr, Exp, Sta. Bull. 80, 15 p., illus. 1914. 
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of February and had received no grain. Their mothers, however, 
had received good feed and excellent care. Where the pasture has 
been well started and properly cared for, on the heavier soils of the 
project as many as 10 ewes and their lambs are carried on 1 acre for 
the entire season. The average pastures, however, will not carry So 
many stock, seven ewes and their lambs being. a common earrying 
capacity. The best results are secured by having the pasture 
divided into three parts, so, that the stock are off the pasture during 
irrigation and for some time afterwards. Neither, horses nor hogs 
should be allowed in the pasture with the sheep, but excellent results 
are secured where sheep and cattle graze together. Pure drinking 
water and salt should be provided at all times. It is desirable, also, 
that shade be provided in each pasture, as this adds to the corifort 
and thrift of the animals. When, as the result of overstocking or 
unfavorable growing weather, the pasture becomes temporarily over- 
grazed, it should be supplemented by feeding some grain to the lambs. 
In some instances the ewes become too fat on irrigated pasture, so 
that they do not breed satisfactorily. This difficulty can be elimin- 
ated by turning the ewes into stubble fields or otherwise providing a 
relatively scanty feed for a short time. 

There are occasionally instances in which it seems advisable to 
pasture clover and alfalfa, although the practice is somewhat hazard- 
ous on account of bloat. ‘There are many theories as to the best 
method of preventing bloat. The safest practice appears to be to 
have the sheep well filled with hay or other feed before they are 
turned on the alfalfa and clover pasture. Some farmers maintain 
that if no shade is provided bloat is less likely to occur. They argue 
that when shade is provided the sheep remain in the shade too long 
on hot days and then consume large quantities of succulent feed in a 
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Fic. 5.—Typical shed and winter yards for a farm flock of sheep on the Minidoka Reclamation Project. 
A common and satisfactory practice, is to have the closed shed used for lambing face to the south, and 
the open shed, for general uses, face the east. 
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Fic. 6.—A popular type of lambing shed on the Minidoka Reclamation Project, having.a large sliding 
door at each end and large open windows on the south side. Feeding racks of the box type are illustrated 
at the left, and the winter yards are shown in the foreground. 


short time. The use of alfalfa and clover as sheep pasture must be 
regarded as dangerous. Experienced sheepmen make the statement 
that unless a flockmaster is willing to risk a loss of 10 per cent he 
should not attempt to pasture his flock on alfalfa during the entire 
‘season. A few sheepmen cut and cock the third cutting of alfalfa and 
then turn the sheep into the field. So far, no unfavorable results 
have been reported. 

Utihzation of waste products.—The sheep is a very efficient animal 
in utilizing certain waste products on the iwrigated farm. On all 
these farms there is much waste feed, including weeds and native 
grasses on ditch banks and in fence rows, the waste hay and after- 
math in hay fields, grain and weeds in stubble fields, and the beet 
tops left after the sugar-beet harvest. As the growth of the iri- 
gated pasture crops begins to diminish, these waste materials be&in 
to become available, so that the sheep are gradually moved from the 
pastures to, the ‘halide, ditch banks, ete., where, in ordinary seasons, 
they are well fed until December. The sheep oftentimes can be used 
for temporary periods in summer in cleaning up weeds from ditch 
banks (as illustrated in figure 3) and other similar places on and about 
thefarm. By these methods, the sheep assist in keeping down unde- 
sirable vegetative growth pl in removing waste material, at the 
same time producing valuable mutton and wool. 

_ Late an all and winter ay ceding.—Mter the first snowfall, hed usually 
comes in December, it is necessary to feed the flock. ite isa desirable 
practice to allow the sheep the run of the fields during the winter feed- 
ing period so as to avoid the difficulties resulting from the lack of exer- 
cise. Approximately half the flockmasters on the project feed only 
hay during the winter. About one-fourth of the sheep growers pro- 
duce and feed mangels, beets, or beet pulp, and about one-fourth feed 
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agrainration. A few flockmasters feed both roots and grain. There 
are no silos on the project at present, but elsewhere in southern Idaho 
corn silage is fed to the breeding flocks with excellent results. Asit is 
popularly believed that the excessive feeding of roots may result in the 
productin of soft, flabby lambs, the quantity of roots fed during the 
winter is not large, from 2 to 4 pounds per sheep being the daily allow- 
ance. Roots commonly are fed whole and in the field, as illustrated 
in figure 4. In some instances where grain is used, grain feeding begins 
a month or six weeks before lambing. Other flockmasters do not 
feed grain until after lambing time. There is, perhaps, no better 
grain ration to supplement alfalfa than a mixture consisting of two 
parts oats and one part bran. A half pound to a pound of this mix- 
ture per head each day is sufficient. Unthrashed sheaf oats is a popu- 
lar and desirable feed to use in connection with alfalfa. The practice 
of feeding some supplement with alfalfa is rapidly gaining in popu- 
larity. Where such feeding is not practiced, it is frequently found 
that young ewes refuse to own their lambs and that neither young 
nor old ewes produce sufficient milk to feed the lambs properly. It 
is important to provide the flock with fresh water and salt at all 
times. The practice of forcing the flocks to drink from stagnant 
ponds or dirty drinking troughs is to be condemned. 
BUILDINGS AND EQUIPMENT. 

Except at lambing time, shelter is not absolutely necessary, 

although open sheds and windbreaks are desirable, as there is need 


for protection against west winds. A dry yard with an open shed 
or windbreak or with an open shed and a closed lambing shed joined 
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Fic. 7.—A popular type of combination hay and grain rack for feeding sheep. 
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together in the shape of an L, so as to give protection from the north 
and west winds, is desirable. <A typical L-shaped shed is illustrated 
in figure 5. 

Lambing sheds.—There are several types of good lambing sheds 
im use on the project. One of the most popular is a shed 18 or 20 
feet wide, extending east and west. This shed is 5 feet high at the 
eaves on the north and 6 feet high on the south. Large open windows, 
which can be closed-with muslin or canvas, are placed in the south side. 
Large sliding doors are provided in both ends. Sheds of this type 
are permanent and are of value during the entire winter. The 
east door may be left open, so that the sheep may enter or leave the 
shed at will. A shed of this type is shown in figure 6. Other types 
of sheds are open, facing either the east or south; while others are 
partly open and partly closed, and one popular type has a skeleton 
roof open to the east or south, which is covered with canvas when the 
shed is in use. Many successful flockmasters house their flocks in 
tent houses or in straw sheds. When properly made, these are 
entirely satisfactory, and if the necessary care is given a high per- 
centage of lambs is saved. 

There is a too common tendency to make sheds too warm, too dark, 
and too poorly ventilated. Dryness, sunlight, and good ventilation 
without drafts are essential to the comfort of the flock. Where sheds 
are built with insufficient ventilation, catarrh, pneumonia, and other 
similar ailments are common. 

A typical interior arrangement of sheds extending east and west 
and 20 feet wide is as follows: On the north side there are large 
pens, 13 feet wide and from 15 to 25 feet long. The side of the shed 
forms one side of these pens, and panels form the other sides. Parti- 
tions between the pens are made in the form of hayracks or com- 
bination hay and grain racks, so that the ends of the pens contain 
the feed. Water troughs are also provided. On the south side 
of the shed there is a row of small individual pens. These commonly 
are made of panels 4 feet long and 3 feet high, two of which are 
hinged together so as to form a half pen. These two, placed in a 
corner of the shed, make a complete pen 4 feet square. Additional 
individual pens adjoining these are made by the use of similar hinged 
panels provided with hooks for settmg up and taking down easily. 
When not in use the panels are folded together and piled in one 
corner of the shed. Some of the large pens on the north side are used 
by the ewes which are within a week of lambing, and others are 
occupied by ewes with lambs a few days old. Just before or imme- 
diately after lambing the ewe is placed in one of the individual pens 
and kept there until the lamb is 2 or 3 days old. Another common 
arrangement is to have the entire shed filled with these individual 
pens. This is undoubtedly a good arrangement, but it entails 
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more labor in feeding than the one here described, so that it seems 
preferable to keep some of the ewes in larger pens. In all well- 
planned sheds a room is provided in one end for the shepherd. A 
stove is placed in this room, so as to keep the room warm during the 
lambing season. 

Racks and troughs.—There are two common types of hayracks. 
One is a V-shaped rack made of 1 by 4 inch pieces alternating at the 
base or 1 by 2 inch pieces 4 inches apart. By the use of a 10-inch 
board for the base these racks are often made into a combination 
grain and hay rack, as illustrated in figure 7. The base also catches 
much of the chaff and the leaves that break off from the hay. An 
objection to this type of rack is that some of the chaff falling from 
above gets into the sheep’s wool. This objection can be overcome 
largely by the use of 1 by 12 inch boards put together lengthwise over 
the upper part of the rack. Another objection to the combination rack 
and trough is that the troughs are not usually kept clean. The 
other popular type of rack is a long, rectangular one, 2 feet wide and 
21 feet high. The baseboards are 16 inches high. Above these 
is an 8-inch space through which the sheep insert their heads, and 
above this is a 6-inch board. If desired, a bottom is easily provided. 
This type of rack is used commonly for feeding chopped hay, although 
the self-feeder type is becoming popular. For the best results 
separate grain troughs are provided. The sheltered board-bottom 
trough, swinging on bolts in a frame so it can be turned and cleaned 
easily, is very satisfactory. When it is desired to feed the lambs 
by themselves, creeps can be provided to admit them to the troughs 
while excluding the ewes. There is a wide choice of types of water 
troughs. The chief consideration in this connection is that the 
trough be so arranged that the water can be kept clean. 


DISEASES, PESTS, AND MINOR AILMENTS. 


There is unfortunately a common belief that lttle can be done 
for a sheep that becomes sick or unthrifty. In many cases, particu- 
larly in pure-bred flocks and in well-managed range bands, the 
fallacy of this belief has been shown. The flockmaster should not 
hesitate to secure the services of a competent veterinarian at the 
first indications of unthriftmess or disease. A brief discussion of 
pests, diseases, and minor ailments which have been found or may 
occur on the Minidoka project is given below. 

Dogs and coyotes. —On farms near the open range the coyote is 
still a menace. On these farms and near the towns the dog also 
does considerable damage. For some reason the Idaho flockmaster 
has been loath to believe that dogs kill sheep, coyotes commonly 
being blamed for the work of dogs. So long as dogs are allowed to 
run at large and while coyotes are as prevalent as at present, some 
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kind of protection must be provided for the sheep. High fences 
which are proof against coyotes or dogs furnish effective protec- 
tion. In some parts of the project it is necessary to confine the 
flock in a good corral during the night. It is important that present 
and prospective sheep growers have clearly in mind the possibility 
of damage by dogs. In certain sections of the United States the 
damage from this source has become serious, and it is therefore 
recommended that irrigation farmers provide ample protection for 
their sheep. 

External parasites.—The common external parasites of sheep are 
lice, ticks, and the scab mite. Of the three, the scab mite is the most 
important. This mite burrows under the skin of the sheep and causes 
the formation of scabs. Suspected cases should be reported to the 
State or Federal inspectors, who will examine the sheep and if 
scab 1s present superintend the dipping.t’ The sheep louse is rarely 
found on the Minidoka project, but ticks are very numerous. By 
sucking the blood of the sheep, these pests reduce the animal’s 
vitality, interfere seriously with the thriftiness of the flock, and 
retard the growth of lambs. In view of the serious damage caused 
by these parasites, it is surprising to note that on many farms the 
flocks are allowed to go unprotected year after year. Some of the 
farms are now equipped with dipping vats, made of wood, galvan- 
ized iron, or concrete, in which the flock may be dipped. These 
vats are 16 inches wide at the bottom, 24 inches wide at the top, 
4 feet deep, and 5 feet long at the bottom and 10 feet long at the 
top, with an inclined bottom at one end. Any of the standard 
sheep dips used according to directions will destroy both lice and 
ticks. It is best to dip the flock just after shearmg. If any sheep 
are added to the flock during the summer or if the presence of ticks 
is noticed, the flock should be dipped again in the fall, as the ticks 
increase rapidly during the winter. 

Internal parasites.—Important internal parasites are stomach 
worms and small and large tapeworms. Although the stomach 
worm has not been reported on the project, it is believed that its 
absence is due merely to the fact that 1t has not yet been introduced 
and not to any local conditions unfavorable to the worm. In some 
sections of southern Idaho stomach worms are becoming common. 
A satisfactory method of treatment for this parasite is to drench 
the sheep with a solution made by dissolving 1 pound of copper 
sulphate (blue vitriol) in 10 gallons of water, 1 dram of the copper 
sulphate being sufficient to treat one sheep. Gasoline, admuinis- 
tered in doses of from 1 to 3 drams in linseed oil or milk, is another 
effective remedy in general use. To be effective, these treatments ° 


1A detailed discussion of sheep scab is giyen in United States Department of Agriculture Farmers’ 
Bulletin 713, entitled ‘‘Sheep Scab.’’ 
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must be repeated. The appearance of stomach worms sometimes 
can be prevented to some extent by the use of copperas or turpen- 
tine, which may be fed with salt. Equal weights of copperas and 
salt may be used, or the salt may be saturated with turpentine. 

The small tapeworm’ is at present the most serious internal 
parasite on the project. This worm is usually found to be 4 or 5 
inches in length, although a few reach a length of 6 inches. Usually 
it produces no bad effect until the sheep are changed from green 
feed to dry feed in the fall. At this time the worms enter the 
sheep’s bile duct and cause death. While the worms are still in the 
intestines the same treatments that are valuable in expelling stomach 
worms are effective in expelling the small tapeworm, but no known 
treatment is effective after the tapeworms enter the bile duct. The 
life history of this parasite is not well understood. So far, the worm 
has been found on the project only in those flocks that have been 
kept on certain summer ranges. 

The large tapeworm ? is not common on the project. Where this 
worm is present it 1s easily removed from the mature sheep through 
the administration of a dose of 2 drams of extract of male shield- 
fern in half a cup of milk. Lambs are given somewhat smaller doses. 
The treatment is followed two hours later by a dose of castor oil. 

Foot-rot.—Fortunately foot-rot has been extremely rare on the 
project. So far as known, it has not occurred where the yards used 
in winter have been kept dry and clean and where the sheep have 
not been grazed in wet pastures in summer. A remedy which is 
popular in Idaho consists of the application to the affected parts 
every four days of a solution of 1 pound of copper sulphate in 1 
gallon of vinegar. 

Digestive disorders.—The three principal digestive disorders among 
sheep on the project are scours, constipation, and bloat. Sheep fre- 
quently suffer from scours shortly after they are turned on fields to 
clean up beet tops. The difficulty may be prevented if the sheep 
are given some feed in addition to the beet tops. This feed may be 
hay, or it may be provided through giving the sheep access to stubble 
fields in connection with the beet-top pasture. Some farmers over- 
come the difficulty by pasturing the sheep in other fields and hauling 
the beet tops to them. This practice is not common, however, 
because of its labor requirements. The remedy usually applied is 
a teaspoonful of ginger in a cup of warm water. In severe cases, the 


remedy is 1 teaspoonful of laudanum administered in milk to mature - 


sheep and somewhat smaller doses for lambs. Constipation ordi- 
narily occurs among the older, broken-mouthed sheep in the winter 
in the flocks which are fed hay alone. A dose of Epsom salts or castor 


1 Tacnia fimbriate. - 2 Taenia expansia, 
’ 
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oul, followed by a change of feed, is the only remedy that has been 
found generally effective. Bloat occurs rather commonly. One of 
the best remedies is to administer from a pint to a quart of cows’ milk, 
freshly drawn and warm. A half-pint of warm, sweet cream has also 
proved effective, as have the common remedies used in cases of bloat 
in cattle. Tapping should be attempted only as a last resort, as it is 
seldom that an animal so treated thrives afterwards. 

Miscellaneous ailments.—There are a number of miscellaneous ail- 
ments which cause some damage. Catarrh, or ‘‘sniffles,’”’ is common 
among the open-wooled breeds when the animals are exposed to the 
rains. It is also common in flocks that are kept in warm, poorly 
ventilated stables or that are forced to sleep in snow or in wet, muddy 
yards. Garget, or caked udder, is usually caused by the congestion 
of milk in the udder, but it may result from chilling, from bruising 
the udder, or from improper feeding. There is also a contagious 
form, which, however, has never appeared on the project. If the 
udder is carefully attended to before lambing time and again when 
the lambs are weaned, garget seldom occurs. Effective remedies 
to use are bathing the udder with water as hot as the hand can bear, 
massage, and applying a mixture of lard and turpentine. 

Lip and leg ulceration is oceasionally brought in from the outside. 
By prompt treatment and rigid quarantine, it so far has been pre- 
vented from becoming widespread in this section. Usually the atten- 
tion is first attracted by lameness or perhaps by scabs on the nose 
and lips of the affected animal, from which a greenish pus is exuded. 
This gets on the ground and feed and in the water troughs and thus 
spreads the infection throughout the flock. Affected animals lose 
flesh rapidly, and if treatment is not given heavy losses may result. 
It is necessary to resort to hand dressing, in which the scabs are 
removed and the affected parts treated with a solution of nitric acid, 
1 part of the acid to from 5 to 9 parts of water. 

One other difficulty which occasionally occurs is gravel stones 
(caleuli). This difficulty usually occurs in rams and wethers that 
are ranged on beet tops or fed beets or mangels heavily. Ewes are 
not so affected. As no effective remedy is known, it is best, in feed- 
ing male sheep, to restrict the quantities of the feeds mentioned. 

Broken pasterns and crippled or deformed feet are commonly caused 
by allowing the hoofs to become overgrown. This can be prevented 
by trimming the hoofs once or twice a year. Pruning shears or a 
sharp knife may be used for this work. 


a SHEARING. 


~The month of May is the popular time for shearing the farm 
flock. Earlier shearing permits the fleece to make such a growth 
by July and August that the thrift of the animals during these warm 
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months is interfered with. If shearing is delayed later than May, 
the sheep may shed a part of the wool and the fleece become ragged. 
When shearing, a clean floor should be provided. The wool should 
be clipped off close to the body, and as smoothly as possible, all the 
fleece being kept in one piece. ‘The tag wool should then be removed 
and the fleece neatly rolled with the flesh side out and tied with paper 
twine. It is advantageous to sack the wool of the rams and black 
sheep separately. The tag wool should be sacked separately and 
labeled.t. In some of the long-wool flocks, where lambs have come 
early and the shearing is done late, the lambs are sheared. This 
undoubtedly is advantageous to the lambs, as they are thriftier, 
more active, and attain greater size. The practice, however, has a 
disadvantage at the time the lambs are sold, as, because of the ap- 
pearance of the wool, the buyer is likely to mistake the lambs for 
yearlings and quote prices accordingly. After the shearing is com- 
pleted, the sheep should be dipped if lice or ticks are present in the 
flock. 
MARKETING. 

Marketing lambs.—The first early lambs that have received good 
care are marketed late in May or in June. Practically all are shipped 
to the large markets of the Middle West, chiefly Omaha. The freight 
rate from the Minidoka project to Omaha is 68 cents per hundred- 
weight on a minimum of 23,000 pounds to the double-deck car. 

Marketing methods have not yet become well established. There 
is some informal cooperative shipping in a few districts where car- 
load lots occasionally are sent to market by groups of neighboring 
farmers. Thisis a practice that could well be increased, as marketing 
from the small bands is sometimes difficult. If sold before other ship- 
ments from farms or from the ranges arrive, small numbers of lambs 
must be held by the buyer until a full carload has been secured. This 
is an expensive system and results in a wide variation in price, even 
for lambs of the same market type. Shipments of farm lambs usually 
are made in connection with shipments from the ranges. Table III 
shows the number of cars of sheep and lambs shipped from the project 
each month from May 1 to December 31, 1916. Included in these 
shipments, approximately 5,500 head of lambs were marketed from 
the farms. 

Marketing wool.—As there is no wool exchange or other public mar- 
ket on the project, each individual owner ordinarily attends to the 
marketing of his own wool. By shearing time most of the range 
sheep have been taken to the ranges. The clip from a large number of 


1 Useful detailed information regarding shearing, classing, and marketing wool has been given by Mar- 
shall and Heller. (Marshall, F. R., and Heller, L. L. The woolgrower and the wooltrade. U.S. Dept. 
Agr. Bul. 206, 32 pp., 1 fig., 11 pls. 1915.) 
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these is pooled and sold cooperatively. As yet the owners of small 


farm flocks have not adopted the cooperative method, but. sell inde- 
‘pendently to a local or a traveling buyer. As a shipment of wool 


bought from a large number of men varies greatly as to the grade and 
quality, as well as to the methods of classifying and packing, the 
price must necessarily be lower than if uniform systems of shearing, 
grading, classifying, and tying were used and the combined clips from 
the different farms pooled and sold together. Wool is bought in the 
field at any time from February until after shearmg. Table IV shows 
the prices received for a number of representative carload shipments 
of wool loaded at project points in 1915 and 1916. 


TaBLe III.—Shipments of sheep and lambs from the Minidoka Reclamation Project from 
May 1 to December 31, 1916. 


Month Number | Range in | Average | Prices f. o. b. 
. of cars. weight. weight. | project points. 
Pounds. | Pounds. Per cwt. 

ee Mayer ere cepierme ec as Cede eye ae re CEU) Sh ae 4 60 to 74 68 $9. 00 to $9. 50 
AY (ULnTG Papesere mene ase tio: Ai Raa aa NR eh 8 64 to 108 77 6.50 to 9.00 
dub oo erie. 2 « Mie ee ee RR AB RRO EEE 872 aN es 13 60 to 95 68 7.50 to 8.25 
INU EUIS Heese ee ee OM LN te ae 13 50 to 90 74 7.00 to 8.50 
Septemiberaaeras sch. 2c ALE oy Ete beer ea ae 70 65 to 105 93 7.00 to 7.75 
OCOD. Soon 3s 5 UE See etae Bee RD GUE ip rei aie veut ae a 22 70 to 98 90 6.00 to 8.50 
INOVEMUDeT ve tts abe ty MEE RCN GS Ae ae Poy cea he 35 68 to 97 82 8.00 to. 9. 25 
ID ESTA SETS 5 Sain Oat GES eee PN ea eg ee et a 60 74 to 107 84 8.00 to 9.50 
ANOLE iS ARES ears a oN A ae ea 225 SOCOM OSM eee eee 6.00 to 9.50 


TABLE 1V.—Range of prices received for representatiwe shipments of wool on the Minidoka 
Reclamation Project in 1915 and 1916. 


1915 1916 
Month. 

Number | Prices per | Number |Prices per 

of cars. pound. of cars. | pound. 

Cents. Cents. 
ANT OU S = 6 Sia Se erat a es eee ES Eee ea rat a pe) Sk 2 | 23 to 24 3 28 to 29 
IIE 2 5 ai ayes ES rs el iy a nee akc EE SD a ie Cea RR mera SO 5 | 17 to 24% 1 25 to 30 
AABSEE) Eis Gis yes aa eat Apert et NR a Oe RRA 3 | 223 to 26 2 28 to 32 


There is need for much improvement in the methods now practiced 
in marketing both lambs and wool, and it is expected that numerous 
improvements will be made as the industry develops. 


FUTURE DEVELOPMENT OF THE INDUSTRY. 


Judging by the demand for information regarding the problems of 
sheep production on the Minidoka project durmg the past year, it 
is probable that the industry will experience a marked expansion. 
Many farmers who formerly were apathetic have become interested 
and are seeking infcrmation. All the factors influencing the extension 
of the farm sheep industry on the project are favorable. The farmers 
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are becoming increasingly interested and better informed; the climatic 
and agricultural conditions furnish excellent opportunities for sheep 
production, and there is every reason to believe that prices for both 
mutton and wool will continue to be high. In developing the indus- 
try it is Important to keep in mind the relationship of sheep pro- 
duction to the other industries of the farm and to the range sheep 
industry. It is desirable that conservative: methods be followed. 
The importance of community action should not be overlooked, and 
serious efforts should be made to stabilize the industry. 


CONSERVATIVE PRACTICES. 


For the man who is inexperienced in sheep husbandry it is undoubt- 
edly desirable that the start should be made in a small way and with 
grade ewes. If he desires, he can later work gradually into pure- 
breds. In this way the common mistakes of the beginner are made 
with relatively inexpensive grade sheep, and by the time the pure- 
breds are secured the requirements of good care and management 
can have been learned. The most successful breeders of pure-bred 
sheep at present are for the most part those who gained their early 
experience with bands of grades or with range sheep. The success of 
the registered flock will depend entirely upon the owner. Before 
securing pure-bred stock the flockmaster should be prepared to give 
the flock every advantage. By the time the necessary experience 
and knowledge have been gained through handling a flock of grade 
sheep the shepherd will have learned whether or not the work is to 
his liking and whether he will be willing to devote the care and atten- 
tion necessary to success with pure-breds. Such procedure requires 
time, but it seems to be the only safe method to follow. 


RELATIONSHIP OF SHEEP PRODUCTION TO OTHER INDUSTRIES. 


There are but few farms on the project where a small flock of sheep 
can not be kept with profit. It is believed that the absence of sheep 
from many farms is due to ignorance of the farm owners regarding the 
possibilities of sheep production. Another reason is a lack of definite 
knowledge of the lore of sheep husbandry. It must be admitted that 
some men can never make a success with sheep. It is questionable 
whether the hasty, impatient, quick-tempered, or careless man can 
succeed in any live-stock industry, particularly with sheep or dairy 
cattle; but to the man who has an inherent interest in farm animals 
and to whom it is a pleasure to see stock kept thrifty, comfortable, 
and contented, the small farm flock of sheep is a source of both 
profit and pleasure. The production of such flocks fits in well with 
the other industries of the irrigated farm in this section, as already 
has been pointed out. It is necessary, however, for the farmer to 
adjust his sheep-production activities to his other farming operations, 
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so that his farm will not become overstocked on the one hand or his 
sheep receive too little attention on the other. The proper relation- 
ship of sheep production to other industries on the farm can be 
developed only with practical experience, and this is best gained 
through the patient practice of conservative methods. It is impor- 
tant, also, that the sheep grower keep in mind his relationship to the 
more extensive sheep producer who makes use of the range lands. 
Possibilities of mutually profitable cooperation between these two 
classes of producers already have been pointed out. 


COMMUNITY COOPERATION. 


During the last few years the demand for sheep and wool has been 
so strong as to make it appear that community cooperation in the 
various enterprises of sheep production is not necessary. Perhaps 
this explains the absence of extensive cooperative activities in sheep 
production on the Minidoka project. It has been noted in other 
sections of Idaho, however, that sheep growers are cooperating in 
both production and marketing and that the results are more satis- 
factory than those secured by farmers on the Minidoka project. 
There are good opportunities for community cooperation in such 
matters as securing breeding stock, purchasing supplies, marketing 
wool and mutton, and the general dissemination of useful information. 
The importance of cooperation in these matters will be increasingly 
apparent as farm sheep production in the western United States 
increases, and it would be advantageous for communities already 
engaged in the industry to begin early to develop cooperative relation- 
ships. 


STABILIZING THE INDUSTRY. 


It has been pointed out repeatedly that the development of satis- 
factory methods of management requires experience. The successful 
establishment of farm sheep production is possible only through the 
persistent application of the best methods of management. The 
experience of the farmers on the Minidoka project during the last 
five years has shown clearly the undesirability of getting into or out 
of the sheep business suddenly because of market fluctuations. 
The men who have remained in the business are demonstrating that 
the industry will be permanent on most farms. On almost half the 
farms the care, attention, and general methods of management are 
far above the average for other sections of southern Idaho and are of 
a character which insures success. The natural advantages of the 
high altitude, the dry climate, the many clear days, the abundance of 
urigated pasture with other cheap feeds, and the short winter feeding 
period are all favorable to the development of the industry. Good 
care, a study of the habits of the flock, and an earnest effort to satisfy 
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its natural requirements, together with a desire to keep the animals 
in a thrifty and contented condition, are bringing success to many 
men whose problems and methods have been investigated. When 
all the facts are considered, including the local and general economic 
conditions, it seems certain that, if properly carried on, sheep pro- 
duction on the farms of the Minidoka project is potentially one of 
the most profitable agricultural industries. The extent to which 
the industry will realize its possibilities will depend very largely upon 
the exercise of persistent endeavor, through which the necessary 
stability can be secured. | 
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METHOD OF OBTAINING REPRESENTATIVE SAMPLES. 


The rules and regulations for the enforcement of the United States 
Grain Standards Act prescribe a definite procedure for securing a 
representative sample upon which the grade of any particular lot or 
parcel of shelled corn or wheat is to be based. 

The rules provide that the original sample must be not less than 
2 quarts in quantity, of which approximately 11 pints must be placed 
in an air-tight container and the remainder inclosed in a cloth sack. 
The portion in the container is intended for the determination of the 
percentage of moisture, and this portion should be used for that test 
only. The remainder of the sample, contained in a cloth bag, will 
approximate 24 pints, and this portion is to be used for the remain- 
ing determinations, which for wheat include color, wheat of other 
classes, damaged kernels, inseparable material, and dockage, and for 
corn include color, damaged corn (not including heat damage), heat- 
damaged corn, and foreign material and cracked corn. The grades 
specify maximum and minimum percentages for the factors men- 
tioned, and these percentages are to be determined by weight. 

1 The work covered by this bulletin was begun under the direction of Dr. J. W. T. Duvel, of the Office 
of Grain Standardization of the Bureau of Plant Industry. Since Aug. 18, 1916, the grain-standardization 
work of the Department of Agriculture has been administered jointly by the Bureau of Markets and the 


Bureau of Plant Industry in connection with the administration of the United States Grain Standards 
Act. 
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Because of the time involved, it is impracticable to make the 
mechanical separations on the entire 24 or more pints, and it there- 
fore becomes necessary, in most cases at least, to divide the sample 
in order to obtain a smaller representative portion for the determi- 
nation of the factors mentioned. 

Experiments have shown that the sample upon which the deter- 
minations for the factors mentioned are based should be approxi- 
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Fic. 1.—A vertical cross section of the sampling device, showing the paths taken by the material in 
passing from the hopper to the containers. 


mately 40 grams in weight for wheat and approximately 250 grams 
in weight for corn. After the mechanical separations and weighings 
have been made, mathematical calculations are involved in order to 
convert these weights into terms of percentage, and the accompany- 
ing tables enable the analyst to accomplish these results without any 
calculations. 


CONVERSION OF WEIGHTS INTO PERCENTAGES. 3 


DIRECTIONS FOR USING THE TABLES. 


Table I shows the percentage equivalents for separations weighing 
from 0.1 to 20 grams taken from samples weighing from 25 to 65 
erams, inclusive, which covers the entire range of maximum and 
minimum limits of color, wheat of other classes, damaged kernels, 
and inseparable impurities specified in the numerical grades of the 
United States standards for wheat. 
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Fig. 2.—Cross section of the sampling device at the base of the cone. 


Table II shows percentage equivalents for separations weighing 
from 0.1 to 40 grams taken from samples weighing from 240 to 260 
grams, inclusive, which covers the entire range of maximum limits 
of corn of other colors, damage, heat damage, and foreign material 
and cracked corn specified in. the numerical grades of the United 
States standards for shelled corn. 

The solution of the following problem will illustrate the use of the 
table: 


Problem.—A sample weighing 240 grams contains 8 grams of damaged corn. What 
is the percentage of damaged corn contained in the sample? 
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Referring to Table IT (p. 14), follow down the first column to the 
figure 8.0 (the weight of the separation of damaged corn in grams). 
The figure opposite (Gn the second column, with heading 240) is 
found to be 3.3, which is the correct percentage expressed in the 
nearest tenth of 1 per cent. 

The use of the table will save time in converting the separations 
into terms of percentages of the whole sample analyzed, and its 
careful use will prevent errors which often occur in the mathematical 
calculations involved. 

In this connection it is highly essential that extreme care should 
be taken to preserve accurately the character of the original sample 
when reducing the original 24 or more pints taken from the bulk 
grain to the smaller sample of approximately 40 grams for wheat or 
approximately 250 grams for corn for analytical purposes. Experi- 
ments have shown that it is almost impossible to divide a large sam- 
ple into smaller portions and at the same time retain the correct pro- 
portion of damage, dirt, color, etc., in the smaller sample unless a 
device similar to the one described in Bulletin 287 of the United 
States Department of Agriculture is used. This apparatus was de- 
vised to meet the demands of grain and seed dealers, as well as 
laboratory workers, for securing a reliable grain or seed sample from 
a larger portion of the material to be examined, analyzed, or graded. 
Figure 1 shows a vertical cross section of the sampling device, while 
figure 2 shows a cross section of this device at the base of the cone. 
A detailed description of this sampling device is contained in the 
before-mentioned bulletin. This device has been covered by a public- 
service patent (No. 1,160,036), and anyone in the United States is 
free to make and use it without the payment of a royalty. 
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CONVERSION OF WEIGHTS INTO PERCENTAGES. 


Tasie I.—Lquivalent percentage of a sample of wheat, etc., when the weights of the sample 
analyzed and of the mechanical separation are given—Continued. 


Weight of sample analyzed (grams) 
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TaBLe 1.—Equivalent percentage of a sample of wheat, etc., when the weights of the sample 
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19.4 grams..... 
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15.9 grams..... 
16.0 grams... 
16.1 grams. ...- 
16.2 grams.... 
16.3 grams... 
16.4 grams.... 
16.7 grams....- 
16.8 grams. ...- 
16.9 grams... 
17.0 grams..... 
17.5 grams. . 
17.6 grams. 
18.1 grams..... 
18.2 grams..... 
18.3 grams. 
18.4 grams..... 
18.5 grams. . 
18.6 grams..... 
18.7 grams. 
18.8 grams..... 
18.9 grams. 
19.0 grams..... 
19.1 grams. 
19.2 grams..... 
19.3 grams. 
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TaBeE I.—Equivalent percentage of a sample of wheat, etc., when the weights of the sample 
analyzed and of the mechanical separation are given—Continued. 


Weight of sample analyzed (grams). 


Weight 
of separa- 
tion 45 | 46 | 47 | 48 | 49 } 50) 51 | 52) 53 | 54955 | 56 | 57 | 58 | 59 | 60) G1 | 62 | 63 | 64 | 65 

15.1 grams [33. 5/32. 8/32. 1/31. 4 29. 0/28. 528. 0127. 4/27. 0/26. 5/26. 0/25. 6825. 2/24. 7/24. 3/24. 0/23. 6'23. 2 
15.2 grams |83. 8/33. 0/32. 3/31. 7 29. 2/28. 7/28. 1127. 6/27. 1/26. 7/26. 2/25. 8125. 3/24. 9/24. 5/24. 1/23. te 4 
15.3 grams [34. 0/33. 3/32. 5/31. 9/31. } . 0/29. 4/28. 9/28. 3727. 8/27. 3/26. 8/26. 4/25. 9125. 5/25. 1/24. 7/24. 3/23. 9°23. 5 
15.4 grams [34. 2/33. 5/32. 8/32. 1/31. | . 2/29. 6/29. 0/28. 5128. 0/27. 5/27. 0/26. 5/26. 1125. 7/25. 2/24. 8/24. 4/24. L 7 
15.5 grams [[34. 4/33. 7/33. 0/32. 3/31. i . 4/29. 8/29. 2/28. 7128. 2/27. 7/27. 2126. 7/26. 3/25. 8]25. 4/25..0/24. 6/24. 2°23. 8 
15.6 grams [84. 7/33. 9133. 2/32. 5/31. i . 6/30. 0/29. 4/28. 9128. 4/27. 8127. 4/26. 9/26. 4126. 0/25. 6/25. 2/24. 8/24. iL 0 
15.7 grams 34. 9/34. 1/33. 4/32. 7/32. 5 . 8/30. 2/29. 6/29: 1128. 5)28. 0/27. 5/27. 1:26. 626. 2/25. 7/25. 3/24. 9/24. 5124. 1 
15.8 grams [35. 1/34. 3/33. 6/32. 9/32. - . 0/80. 4/29. 8/29. 2128. 7/28. 2/27. 7/27. 2126. 8126. 3/25. 9/25. 5/25. 1/24. ip 3 
15.9 grams [25. 3/34. 6/33. 8/33. 1/32. A . 2/30. 6/30. 0/29. 4128. 9/28. 4/27. 9/27. 4:26. 9:26. 5/26. 1 25. 6/25. 2/24. 8:24. 5 
16.0 grams }35. 5/34. 8/34. 0/33. 3/32. i . 4/30. 8/30. 2/29. 6:29. 1/28. 6/28. 1/27. 6/27 le 7/26. 2'25. 8/25. 4/25. 0.24.6 
16.1 grams j35. 8/35. 0/34. 2/33. 5/32. H . 6/31. 0/30. 4/29. 8129. 3/28. 7/28. 2/27. 7/27. 3.26. 8/26. 4/26. 0/25. 5/25. 1°24. 8 
16.2 grams 36. 0/35. 2/34. 5/33. 7/33. ; . 8/31. 1/30. 6/30. 0129. 4/28. 9/28. 4/27. 9/27. Te 0/26. 5|26. 1/25. 7/25. ie 9 
16.3 grams 36. 2/35. 4/34. 7/33. 9/33. 2 . 0/31. 3/30. 7/30. 2129. 6/29. 1/28. 6/28. 1/27. 6:27. 2/26. 7/26. 3/25. 9/25. 5,25. 1 
16.4 grams j36. 4/35. 6/34. 9/34. 2/33. y . 1/31. 5/30. 9/30. 429. 8/29. 3/28. 8)28. 3/27. a 3/26. 9/26. 4/26. 0/25. 6/25. 2 
16.5 grams [36. 7/35. 9/85. 1/34. 4/33. : . 3/31. 7/31. 1130. 5130. 0 29. 5/28. 9/28. 4/28. 0°27. 5/27. 0126. 6/26. 2/25. 8725. 4 
16.6 grams (36. 9 36. 1/35. 3/34. 6/33. . . 5/31. 9/31. 3/30. 7930. 2,29. 6/29. 1/28. 6/28. Te 7/27. 2/26. 8/26. 3/25. 9125. 5 
16.7 grams j37. 1/36. 3/35. 5/34. 8/34. ‘ . 7/32. 1/31. 5/30. 9130. 4/29. 8/29. 3/28. 8/28. 3,27. 8/27. 4/26. 9/26. 5/26. 1°25. 7 
16.8 grams 37. 3)36. 5/35. 7/35. 0/34. i . 9/32. 3/31. 7/31. 1830. 5/30. 0/29. 5/29. 0/28. ia 0/27. 5/27. 1/26. 7/26. 2.25.8 
16.9 grams 137. 5/36. 7/35. 9/35. 2/34. § . 1/32. 5/31. 9/31. 3!30. 7/30. 2/29. 6/29. 1/28. 6:28. 2/27. 7/27. 2/26. 8/26. thes 0 
17.0 grams )37. 8/36. 9/36. 2/35. 4/34. 4 . 3/82. 7/32. 1/31. 5:30. 9/30. 3/29. 8/29. 3/28. 8:28. 3/27. 9/27. 4/27. 0/26. 6:26. 1 
17.1 grams 38. 0/37. 2/36. 4/35. 6/34. b . 5/32. 9/32. 3/31. 7131. 1/30. 5/30. 0/29. 5/29. 0:28. 5/28. 0/27. 6/27. 1126. 7126. 3 
17.2 grams }38. 2/37. 4/36. 6/35. 8 5 1/32. 4/31. 8131. 3/30. 7/30. 2/29. 6/29. a 7/28. 2127. 7/27. 3/26. 9:26. 5 
17.3 grams }38. 4/37. 6/36. 8/36. 0/35. a . 9/33. 3/32. 6/32. 0131. 4/30. 9/30. 3/29. 8/29. 3.28. 828. 4/27. 9127. 5/27. ibe 6 
17.4 grams }38. 7/37. 8/37. 0/36. 2/35. : . 1/33. 5/32. 8/32. 2,31. 6/31. 1/30. 5/30. 0/29. ii 0/28. 5/28. 1/27. 6/27. 2126. 8 
17.5 grams f38. 9/38. 0/37. 2/36. 4/35. b . 3/33. 6/33. 0/32. 4731. 8/31. 2/30. 7/30. 2/29. 7,29. 2/28. 7/28. 2/27. 8127. so, 9 
17.6 grams }39. 1/38. 3/37. 4/36. 7/35. b . 5/33. 8/33. 2/32. 6132. 0/31. 4/30. 9/30. 3/29. ie 28. 8/28. 4/27. 9/27. af 1 
17.7 grams [39. 3/38. 5/37. 6/36. 9/36. bE . 7/34. 0/33. 4/32. 8132. 2/31. 6/31. 0/30. 5/30. 0:29. 5/29. 0/28. 5/28. 1/27. 6:27.2 
17.8 grams j39. 5|38. 7/37. 9/37. 1/36. : . 9/34. 2/33. 6/33. 0132. 4/31. 8/31. 2/30. 7/30. a 729. 2/28. 7/28. 2/27. " 4 
17.9 grams [39. 8/38. 9/38. 1/37. 3/36. i . 1/34. 4/33. 8/33. 1332. 5/32. 0/31. 4/30. 9/30. 3:29. 8/29. 3/28. 9/28. 4/28. 0.27.5 
18.0 grams [40. 0/39. 1/38. 3/37. 5/36. 5 . 3/34. 6/34. 0/33. 3,32. 7/32. 1131. 6/31. 0/30. ie 0/29. 5/29. 0/28. 6/28. 1 vj 
18.1 grams )40. 2/39. 3/38. 5/37. 7/36. s . 5/84. 8/34. 1/33. shee. 9/32. 3/31. 7/31. 2/30. 1430. 2/29. 7/29. 2/28. 7/28. 3:27. 8 
18.2 grams }40. 4/39. 6/38. 7/37. 9/37. : . 7/35. 0/34. 3/33. te 1/32. 5/31. 9/31. 4/30. 8:30. 3.29. 8/29. 3/28. 9/28. 7 0 
18.3 grams /40. 7/39. 8:38. 9/38. 1/37. b . 9135. 2:34. 5/33. 9938. 3/32. 7/32. 1/31. 5 31. 0:30. 5,30. 0/29. 5/29. 0/28. 6,28. 1 
18.4 grams }40. 9/40. 0/39. 1/38. 3 b ahs 7/34. 1833. 4/32. 8/32. 3/31. 7/31. 2130. 7/30. 2/29. 7/29. 2/28. 7128.3 
18.5 grams 41. 1/40. 2/39. 4/38. 5/37. 7 - 6 34. 9/34. 2133. 6/33. 0/32. 4/31. 9/31. 3:30. 8/30. 3/29. 8/29. 4/28. 9128. 5 
18.6 grams [[41. 3/40. 4/39. 6/38. 7/37. 9 L ie 1/34. 4933. 8/33. 2/32. 6/32. 1/31 ii 0/30. 5/30. 0/29. 5/29. 1128. 6 
18.7 grams /41. 5/40. 6/39. 8/38. 9/38. 2 - 0.35. 3/34. 6134. 0/33. 4/32. 8/32. 2/31. 7/31. 2/30. 6/30. 2/29. 7/29. 2428. 8 
18.8 grams j41. 8/40. 9/40. 0/39. 2/38. 4 : fe 5/34. 8184. 2/33. 6/33. 0/32. 4/31. i 3/30. 8/30. 3/29. 8/29. 4)28. 9 
18.9 grams j42. 0/41. 1/40. 2|39. 4/38. 6 . 3 35. 7/35. 0134. 4/33. 7/33. 1/32. 6/32. 0.31. 5/31. 0/30. 5/30. 0/29. 5/29. 1 
19.0 grams 42. 2/41. 3/40. 4/39. 6/38. 8 5 35. 8/35. 2134. 5/33. 9/33. 3/32. 7/32. eg 7/31. 1/30. 6/30. 1/29. 7 29.2 
19.1 grams 42. 4/41. 5/40. 6/39. 8/39. 0? . 736. 0/35. 4484. 7/34. 1133. 5/32. 9/32. 4/31. 8/31. 3/30. 8/30. 3/29. 8ha9. 4 
19.2 grams [[42. 7/41. 7/40. 8/40. 0.39. 2. 36. 9/36. 2/35. 5134. 9/34. 3/33. 7/33. 1/32. 5132. 0/31. 5/31. 0/30. 5/30. 0729. 5 
19.3 grams 42. 9/41. 9/41. 1/40. 2 39. AB 37. 1/36. 4/35. 7135. 1/34. 5/33. 8/33. 3/32. 7732. 2/31. 6/31. 1.30. 6/30. 1/29. 7 
19.4 grams }43. 1/42. 2/41. 3/40. 439.6 37. 3/36. 6/35. Dy35. 3/34. 6/34. 0/33. 4/32. 9132. 3/31. 8/31. 3/30. 8/30. 3129. 8 
19.5 grams [43. 3/42. 4/41. 5/40. 6/39. 8 37. 5/36. 8/36. 1135. 4/34. 8/34. 2/33. 6/33. 0132. 5/32. 0/31. 4/30. 9/30. 5130. 0 
19.6 grams }43. ie 6/41. 7/40. 8/40. ‘| 37. 7/37. 0/36. 3135. 6/35. 0/34. 4/33. 8/33. 2/32. 7/32. 1/31. 6/31. 1/30. 6430. 1 
19.7 grams 43. 8/42. 8/41. 9/41. 0/40. 2" 9/37. 2/36. 5)85. 8/35. 2/34. 6/34. 0/33. 4132. 8/32. 3/31. 8/31. 3/30. 8]30. 3 
19.8 grams }44. nae 0/42. 1/41.240.4 1/37. 3/36. 7136. 0/35. 3/34. 7/34. 1/33. 533. Hea 31. 9/31. 4/30. 9130. 5 
19.9 grams 44.243. 3/42. 3/41. 4 40.6 3/37. 5|36. 8136. 2/35. 5/34. 9/34. 3/33. 7133. 2/32. 6/32. 1/31. 6/31. 1130. 6 
20.0 grams 144. 4/43. 5/42. 5/41. 7/40. 8! 5/37. 2/37. OW36. 4/35. 7135. 1/34. 5'33. 9133. 3/32. 8132. 2/31. 7/31. 2130.8 
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CONVERSION OF WEIGHTS INTO PERCENTAGES. 


when the weights of the sample 


analyzed and of the mechanical separation are given—Continued. 


TaBieE I1.—Zquivalent percentage of a sample of corn, etc., 


Weight of sample analyzed (grams). 
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ercentage of a sample of corn, etc., when the weights of the sample 


of the mechanical separation are given—Continued. 
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CONVERSION OF WEIGHTS INTO PERCENTAGES. 


TaBLE I1.—Equivalent 
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TABLE II.—Equivalent 


percentage of a sample of corn, ete., when the weights of the sample 


analyzed and of the mechanical separation are given—Continued. 
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Weight of sample analyzed (grams). 
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, etc., when the weights of the sample 


of the mechanical separation are given—Continued. 
Weight of sample analyzed (grams). 


CONVERSION OF WEIGHTS INTO PERCENTAGES. 
analyzed and o 


TaBLE 11.—Hquivalent percentage of a sample of corn 
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TaBLE Il.—Equivalent peerage of a sample of corn, etc., when the weights of the sample 
analyzed and of the mechanical separation are given—Continued. 


Weight of sample analyzed (grams). 


240 | 241 | 242 | 243 | 2441 245 | 246 | 247) 248 251 | 252 | 253 | 254] 255 | 256 | 257 | 258 | 259} 260 
30.1 grams }12. 5/12. 5/12. 4/12. 4/12. 3/12. 3/12. 2/12. 2/12. 1/12. 1912. 0/12. 0/11. 9/12. 9/11. 8f11. 8/11. 7/11. 7/11. 7/11. 611. 6 
30.2 grams }112. 6/12. 5/12. 5/12. 4/12. 412. 3/12. 3/12. 2/12. 2/12. 1412. 1/12. 0/12. 0j11. 9/11. 911. 8/11. 8/11. 7/11. 7/11. 711. 6 
30.3 grams #12. 6/12. 6/12. 5/12. 5/12. 4412. 4/12. 3/12. 3/12. 2/12. 2U12. 112. 1/12. 0/12. 0/11. 9$11. 9/11. 8/11. 8]11. 7/11. 711. 6 
30.4 grams [12. 7/12. 6/12. 6/12. 5/12. 4412. 4/12. 3/12. 3/12. 2/12. 2012. 2/12. 1/12, 1/12. 0/12. Of11. 9/11. 9/11. 8)11. 8/11. 711.7 
30.5 grams 12. 7/12. 6/12. 6/12. 5/12. 5412. 4/12. 4/12. 3/12. 3112. 2f12. 2/12. 1/12. 1/12. 0)12. 0412. 0/11. 9/11. 9/11. 8/11. 8111.7 
30.6 grams [12. 7/12. 7/12. 6/12. 6/12. 5912. 5/12. 4/12. 4/12. 3/12. 312. 2)12. 2/12. 1/12. 1/12. 0912. 0/11. 9/11. 9/11. 9/11. 8f11. 8 
30.7 grams #12. 8)12. 7/12. 7/12. 6 ele. 5)12. 5/12. 4/12. 4/12. 3012. 3/12. 2/12. 2/12. 1/12. 1912. 0/12. 0/11. 9/11. 9/11. 811.8 
30.8 grams 12. 8/12. 8)12. 7/12. 7/12. 6f12. 6/12. 5/12. 5)12. 4/12. 4912. 3/12. 3/12. 2/12. 2/12. 1)12. 1/12. 0/12. 0/11. 9/11. 9411.8 
30.9 grams #12. 9/12. 8/12. 8/12. 7/12. 712. 6/12. 6/12. 5/12. 4/12. 4412. 4/12. 3/12. 3/12. 2/12. 2412. 1/12. 1/12. 0/12. 0/11. 911.9 
31.0 grams #12. 9/12. 9/12. 8/12. 7/12. 7112. 6/12. 6/12. 5]12. 5/12. 4412. 4/12. 3/12. 3/12. 2/12. 2j12. 1/12. 1)12. 1/12. 0/12. 0811.9 
31.1 grams N12. 9/12. 9|12. 8/12. 812. 7912. 7/12. 6|12. 6/12. 5/12. 5/12. 4/12. 412. 3/12. 3/12. 212. 2/12. 112. 1/12. 0/12. 012. 0 
31.2 grams }13. 0/12. 9/12. 9/12. 8/12. 812. 7/12. 7/12. 6/12. 6|12. 5912. 5/12. 4/12. 4/12. 3/12. 3/12. 2/12. 2/12. 1/12. 1/12. 012. 0 
31.3 grams #113. 0/13. 0/12. 9/12. 912. 8]12. 8)12. 7/12. 7/12. 6/12. 612. 5/12. 5/12. 4/12. 4/12. 3412. 3/12. 2/12. 2/12. 1/12. 1112. 0 
31.4 grams f13. 1/13. 0/13. 0/12. 9/12. 9912. 8/12. 8/12. 7/12. 7/12. G12. 6/12. 5/12. 5/12. 4/12. 4912. 3/12. 3/12. 2/12. 2/12. 112.1 
31.5 grams 13. 1/13. 1/13. 0/13. 0/12. 9f12. 8/12. 812. 7/12. 7/12. ef12. 6112. 5/12. 5/12. 4/12. 4}19. 3/12. 312. 2/12. elie. 2 2.1 
31.6 grams 18. 2|13. 1/13. 0/13. 0/12. 9912. 9/12. 8/12. 8)12. 7/12. 7112. 6/12. 6/12. 5/12. 5/12. 4412. 4/12. 3/12. 3/12. 2/12. 2812.1 
31.7 grams f13. 2/13. 1/13. 1/13. 0/13. 0812. 9/12. 9/12. 8/12. 8/12. 712. 7/12. 6/12. 6/12. 5/12. 5412. 4/12. 4/12. 3/12. 3/12. 212. 2 
31.8 grams i138. 2|13. 2/13. 1/13. 1/13. 0413. 0/12. 9/12. 9/12. 8/12. 8412. 7/12. 7/12. 6/12. 6/12. 5912. 5/12. 4/12. 4/12. 3/12. 3112. 2 
31.9 grams 13. 3/13. 2/13. 2/13. 1/13. 1113. 0/13. 0/12. 9/12. 9/12. 8712. 8/12. 7/12. 6/12. 6/12. 5y12. 5/12. 5/12. 4/12. 4/12. 3412.3 
32.0 grams 13. 3/13. 3/18. 2/13. 2 #13. 1/13. 0/12. 9/12. 9/12. 812. 8/12. 7/12. 7/12. 6/12. 6f12. 5/12. 5/12. 4/12. 4/12. 3712.3 
32.1 grams 113, 4/13. 3113. 3113.2 13. 1/13. 0/13. 0/12. 9/12. 9912. 8/12. 8/12. 7/12. 7/12. 612. 6/12. 5]12. 5/12. 4/12. 4412.3 
32.2 grams #13. 4/13. 4/13. 3/13. 2 13. 1)13. 1/13. 0/13. 0/12. 9912. 9:12. 8/12. 8/12. 7/12. 7912. 6/12. 6/12. 5/12. 5/12. 4912. 4 
32.3 grams [13. 4)13. 4/13. 3/13. 3 #13. 2/13. 1/13. 1/13. 0/13. 0f12. 9/12. 9/12. 8/12. 8/12. 7912. 7/12. 6/12. 6/12. 5/12. 5)12. 4 
32.4 grams H13. 5/13. 4/13. 4/13.3 13. 2/13. 2/13. 1/18. 1/13. Of13. 0/12. 9/12. 8/12. 8/12. 7412. 7/12. 6/12. 6/12. 5/12. 5412.5 
32.5 grams fis. 5/13. 5/13. 4/13. 4 13. 3/13. 2/13. 1/13. 1/13. 0913. 0/12. 9/12. 9/12. 8)12. 8]12. 7/12. 7/12. 6/12. 6/12. 5412. 5 
32.6 grams }[13. 6/13. 5/13. 5/13. 4 H13. 3/13. 2)13. 2/13, 1/13. 1913. 0/13. 0/12. 9/12. 9/12. 8712. 8/12. 7/12. 7/12. 6/12. 612. 5 
32.7 grams 113. 6/13. 6/13. 5/13. 4/13. 4913. 3/13. 3/13. 2/13. 2/13. 1]13. 1/13. 0/13. 0/12. 9/12. 912. 8/12. 8/12. 7|12. 7/12. 612. 6 
32.8 grams }13. 7/13. 6/13. 5/13. 5/13. 4413. 4/13. 3/13. 3/13. 2/13. 2113. 1/13. 1/13. 0/13. 0/12. 9912. 9/12. 8)12. 8/12. 7/12. 7412. 6 
32.9 grams [13.7 13. 6/13. 6/13. 5/13. 5413. 4/13. 4/13. 3/13. 3/13. 2313. 2/13. 1/13. 0/13. 0/12. 912. 9/12. 8/12. 8/12. 7/12. 7112. 6 
33.0 grams }13, 7|13. 7/13. 6/13. 6/13. 5y13. 5/13. 4/13. 4/13. 3/13. 2913. 2/13, 1/13. 1/13. 0/13. 0712. 9/12. 9/12. 8/12. 8)12. 712. 7 
33.1 grams 13. 8/13. 7/13. 7/13. 6/13. 6113. 5/13. 4/13. 4/13. 3/13. 313. 2/13. 2/13. 1/13. 1/13. 0913, 0/12. 9/12. 9)12. 8/12. 8412. 7 
33.2 grams f13, 8/13. 8/13. 7/13. 7/13. 6413. 5/13. 5/13. 4/13. 4/13. 2913, 3/13, 2/13. 2/13. 1/13, 1413. 0/13. 0/12. 9/12. 9/12. 8]12. 8 
33.3 grams 13. 9/13. 8/13. 8/13. 7/13. 6413. 6/13. 5/13. 5/13. 4/13. 4413. 3)13. 3/13. 2/13. 2/13. 1113. 0/13. 0/12. 9)12. 9/12. 8412.8 
33.4 grams 113. 9/13. 8/13. 8/13. 7/13. 713. 6/13. 6/13. 5/13. 5/13. 4913. 4/13. 3)13. 2/13. 2/13. 1913, 1/13. 0/13. 0/12. 9/12. 9912.8 
33.5 grams 13, 9/13. 9/13. 8/13. 8)13. 7913. 7/13. 6/13. 6/13. 5/13. 4413. 4/13. 3/13. 3/13. 2/13. 2113. 1/13. “he. 0/13. 0/12. 912. 9 
33.6 grams 914. 0/13. 9/13. 9/13, 8/13. 8/13. 7/13. 6/13. 6/13. 5/13. 5913. 4/13. 4/13. 3/13, 3/13. 2i13. 2/13. tie 1/13. 0/13. 0f12.9 
33.7 grams #14. 0/14. 0/13. 9/13. 9/13. 8113. 7/13. 7/13. 6/13. 6/13. 5913. 5/13. 4/13. 4/13. 3/13. 3113. 2/13. 2/13. 1/13. 1/13. 0413. 0 
33.8 grams j14. 1/14. 0:14. 0/18. 9)13. 8413. 8/13. 7/13. 7/13. 6113. GHL3. 5/13. 5/13. 4/13. 3/13. 3913. 2/13. lr 1/13. 1/13. 0413. 0 
33.9 grams }14. 1/14. 1/14. 0/13. 9/13. 9113. 8/13. 8/13. 7/18. 7/13. 613. 6/13. 5/13. 4/13. 4/13. 3413. 3/13. 2/13. 2/13. 1/13. 1113. 0 
34.0 grams }}14. 2/14. 1/14. 0/14. 0/13. 9113. 9/13. 8/13, 8/13. 7/13. 613. 6/13. 5/13. 5/13, 4/13. 4413. 3/13. 3/13. 2/13. 2/13. 113.1 
34.1 grams }14. 2/14. 1)14. 1/14. 0/14. 0/13. 9/13. 9/13. 8/13. 7/13. 7913. 6/13. 6/13. 5/13. 5/13. 4913. 4/13. 3/13. 3/13. 2/13. 2413.1 
34.2 grams }14. 2/14. 2)14. 1/14. 1/14, 013. 9/13. 9/13. 8/13. 8/13. 713. 7/13. 6/13. 6/13. 5/13. 5f13. 4/13. 3/13. 3/13. 2/13. 2713.1 
34.3 grams }14. 3/14. 2/14. 2/14. 1/14. 0414. 0/13. 9/13. 9/13. 8/13. 8]13. 7/13. 7/13. 6/13. 5/13. 5]13. 4/13. 4/13. 3/13. 3/13. 2113.2 
34.4 grams ]14. 3/14. 3/14. 2/14. 1/14. 1114. 0/14. 0/13. 9/13. 9/13. 8413. 8/13. 7/13. 6/13. 6/13, 5]13. 5/13. 4/13. 4/13, 3/13. 3f13. 2 
34.5 grams f14. 4/14. 3)14. 2/14. 2/14. 1114. 1/14. 0/14. 0/13. 9/13. 8913. 8/13. 7/13. 7/13. 6/13. 6f13. 5/13. 5]13. 4/13. 4/13. 3913.3 
34.6 grams 14. 4/14. 3/14. 3/14. 2/14. 2914. 1/14. 1/14, 0/13. 9/13. 9913. 8/13. 8/13. 7/13. 7/13. 613. 6/13. 5/13. 5/13. 4/13. 3]13. 3 
34.7 grams i114. 414. 4/14. 3/14. 3/14. 2014. 2/14. 1/14. 0/14. 0/13. 9]13. 9/13. 8/13. 8/13. 7/13. 7913. 6/13. 5/13. 5/13. 4/13. 4913.3 
34.8 grams }14. 5)14. 4/14. 4/14. 3/14. 3914. 2/14. 1/14. 1/14, 0/14. 0713, 9/13. 9/13. 8/13. 7/13. 7913. 6/13. 6/13. 5/13. 5/13. 4913. 4 
34.9 grams }14. 5/14. 5/14. 4/14. 4/14. 314. 2/14. 2/14. 1/14. 1/14. 0914. 0/13. 9/13. 8/13. 8/13. 7913. 7/13. 6]13. 6/13. 5/13. 5f13. 4 
35.0 grams H14. 6)14. 5/14. 5/14. 4/14, 3§14. 3]14. 2/14. 2/14. 1/14. Of14. 0/13. 9/13. 9]13. 8)13. 8]13. 7/13. 7/13. 6/12. 6/13. 513. 5 


4 


i CONVERSION OF WEIGHTS INTO PERCENTAGES. 21 


TABLE IT.—Equivalent picenide of a sample of corn, etc., when the weights of the sample 
analyzed and of the mechanical separation are given—Continued. 


Weight of sample analyzed (grams). 


241 | 242 | 243 | 2449 245 | 246 | 247 | 248 | 249) 250) 251 | 252 | 253 | 254] 255 | 256 | 257 | 258) 259] 260 
35.1 grams 14. 6/14. 6/14. 5|14. 4/14. 4914. 3/14. 3/14. 2/14. 1/14. 1914. 0/14. 0/13. 9/13. 9/13. 8413. 8/13. 7/13. 6/13. 6/13. 5413.5 
35.2 grams |14. 7/14. 6/14. 5/14. 5/14. 4)14. 4/14. 3/14, 2/14. 2/14. 1914, 1/14, 0/14. 0/13. 9/13. 8413. 8/13. 7/13, 7/13. 6/13. 613.5 
35.3 grams [14. 7/14. 6/14. 6/14. 5/14. 5]4. 4/14. 3/14. 3/14. 2/14. 214. 1/14. 1/14. 0/13. 9/13. 9113. 8/13. 8/13. 7/13. 7/13. 6)13.6 
35.4 grams #14. 7/14. 7/14. 6/14. 6/14. 514. 4/14, 4/14. 3/14. 3/14. 2914. 2/14. 1/14, 0/14. 0/13. 9913. 9/13. 8/13. 8/13. 7/13. 713.6 
35.5 grams [14, 8/14. 7/14. 7/14. 6/14. 5]4. 5/14. 4/14. 4/14. 3/14. 2014. 2/14. 1/14. 1/14. 0/14. 0f13. 9/13. 9/13. 8/13. 7/13. 7913. 6 
35.6 grams f14, 8/14. 8/14. 7/14. 6/14. 614. 5/14. 5/14. 4/14. 3/14. 3914. 2/14. 2/14. 1/14. 1/14. 0914. 0/13. 9/13. 8/13. 8/13. 713.7 
35.7 grams }14. 9/14. 8/14. 7/14. 7/14. 6f14. 6/14. 5/14. 4/14. 4/14. 3914. 3/14. 2/14. 2/14. 1/14. 0/14. 0/13. 9/13. 9/13. 8/13. 8}13. 7 
35.8 grams }14. 9/14. 8/14. 8/14. 7/14. 7914. 6/14. 5/14. 5/14. 4/14. 4014. 3/14. 3/14. 2/14. 1/14. 1)14. 0/14. 0/13. 9/13. 9/13. 8413.8 
35.9 grams ]14. 9/14. 9/14. 8/14. 8)14. 714. 6/14. 6/14. 5/14. 5/14. 4914. 4/14. 3/14. 2/14. 2/14. 1914. 1/14. 0/14. 0/13. 9]13. 9913.8 
36.0 grams }15. 0/14. 9/14. 9/14. 8/14. 7914. 7/14. 6/14. 6/14. 5/14. 4914. 4/14. 3/14. 3/14. 2/14. 2914. 1/14. 1/14. 0/13. 9/13. 9913.8 
36.1 grams 15. 0/15. 0/14. 9/14. 8/14. 8)14. 7/14. 7/14. 6/14. 5/14. 5914. 4/14. 4/14. 3/14. 3/14. 2914. 1/14. 1/14. 0/14. 0/13. 9413. 9 
36.2 grams f15. 1/15. 0/14. 9/14. 9/14. 8]14. 8/14. 7/14. 6/14. 6/14. 5914. 5/14. 4/14. 4/14. 3/14. 214. 2/14. 1/14. 1/14. 0/14. 0913.9 
36.3 grams JL5. 1/15. 1/15. 0/14. 9/14. 9914. 8/14. 7/14. 7/14. 6/14. 6914. 5/14. 5/14. 4/14. 3/14. 314. 2/14. 2/14. 1/14. 1/14. 0414. 0 
36.4 grams 15. 2/15. 1/15. 0/15. 0/14. 9[14. 8/14. 8/14. 7/14. 7/14. 6f14. 6/14. 5/14. 4/14. 4/14, 3914. 3/14. 2/14. 2/14. 1/14, O14. 0 
36.5 grams JL5. 2/15. 1/15. 1/15. 0/14. 9914. 9/14. 8/14. 8/14. 7/14. 6014. 6/14. 5/14. 5/14. 4/14. 4914. 3/14. 2/14. 2/14. 1/14. 1814. 0 
36.6 grams f15. 2/15. 2/15. 1/15. 1/15. Of14. 9/14. 9/14. 8/14. 7/14. 714. 6/14. 6/14. 5/14. 5/14. 414. 3/14. 3/14. 2/14. 2/14. 114. 1 
36.7 grams f15. 3/15. 2/15. 2/15. 1/15. O15. 0/14. 9/14. 8/14. 8/14. 714. 7/14. 6)14. 6/14. 5/14. 4414. 4/14. 3/14. 3/14. 2/14, 2414. 1 
36.8 grams JL5. 3/15. 3/15. 2/15. 1/15. 115. 0/14. 9/14. 9/14. 8/14. 814. 7/14. 7/14. 6/14. 5/14. 514. 4/14. 4/14, 3/14. 3/14. 2014. 
36.9 grams 15. 4/15. 3/15. 2/15. 2/15. 1915. 1/15. 0/14. 9/14. 9/14. 8)14. 8/14. 7/14. 6/14. 6/14. 5y14. 5/14. 4/14. 3/14. 3/14. at14. 2 
37.0 grams ]15. 4/15. 3/15. 3/15. 2/15. 2915. 1/15. 0/15. 0/14. 9/14. 8]14. 8/14. 7/14. 7/14. 6/14. 614. 5/14. 4/14. 4/14. 3/14. 3414. 2 
37.1 grams 915. 4/15. 4/15. 3/15. 3/15. 2915. 1/15. 1/15. 0/14. 9/14. 9914. 8/14. 8/14. 7/14. 7/14. 614. 5/14. 5/14. 4/14. 4/14, 3414.3 
37.2 grams}L5. 5/15. 4/15. 4/15. 3/15. 2j15. 2/15. 1/15. 1/15. 0/14. 9914. 9/14. 8/14. 8/14. 7/14. 6914. 6/14. 5/14. 5/14. 4/14. 4914.3 
37.3 grams }15. 5/15. 5/15. 4/15. 3/15. 3}15. 2/15. 2/15. 1/15 0/15. Oj14. 9/14. 9/14. 8/14. 7/14. 714. 6/14. 6/14. 5/14. 4/14. 4914.3 
37.4 grams 915. 6/15. 5/15. 4/15. 4/15, 3915. 3/15. 2/15. 1/15. 1/15. 0915. 0/14. 9/14. 8/14. 8)14. 7914. 7)14. 6/14. 5/14. 5 W144 
37.5 grams f15. 6/15. 6/15. 5/15. 4/15. 4915. 3/15. 2/15. 2/15. 1/15. 1915. 0/14. 9/14. 9/14. 8/14. 814. 7/14. 6/14. 6/14. 5 n14. 4 
37.6 grams }15. 7/15. 6/15. 5/15. 5/15. 4915. 3/15. 3/15. 2/15. 2/15. 1915. 0/15. 0/14. 9/14. 9/14. 8114. 7/14. 7/14. 6/14. 6 114.5 
37.7 grams #15. 7/15. 6/15. 6/15. 5/15. 4915. 4/15. 3/15. 3)15. 2/15. 1815. 1/15. 0/15. 0/14. 9/14. 8414. 8/14. 7/14. 7/14. 6 14.5 
37.8 grams 15. 7/15. 7/15. 6/15. 5/15. 515. 4/15. 4/15. Nea 2/15. 2015. 1/15. 0/15. 0/14. 9/14. 9914. 8/14. 8/14. 7/14. 6 14. 5 
37.9 grams }15. 8/15. 7/15. 7/15. 6/15. 5)15. 5/15. 4/15. 3/15. 3/15. 2415. 2/15. 1/15. 0 15. 0/14, 914. 9/14. 8/14. 7/14.7 14.6 
38.0 grams #15. 8/15. 8/15. 7/15. 6/15. 6[15. 5/15. 4/15. 4/15. 3/15. 3415. 2/15. 1/15. 1/15. 0/15. Of14. 9/14. 8/14. 8/14. 7 }14. 6 
38.1 grams #15. 9/15. 8/15. 7/15. 7/15. 615. 5/15. 515. 4/15. 4/15. 3915. 2/15. 2/15. 1/15. 0/15. O14. 9/14. 9/14. 8/14. 8 114. 6 
38.2 grams #15. 9/15. 8/15. 8/15. 7/15. 615. 6/15. 5]15. 5|15. 4/15. 3915. 3/15. 2/15. 1/15. 1/15. #15. 0/14. 9/14. 9/14. 8 H14. 9 
38.3 grams 115. 9/15. 9/15. 8/15. 8/15. 7915. 615. 6/15. 5/15. 4/15. 4415. 3/15. 2/15. 2/15. 1/15. 1115. 0/15. 0/14. 9/14. 8 14.7 
38.4 grams 16. 0/15. 9/15. 9/15. 8/15. 7915. 7/15. 6/15. 5/15. 5/15. 4015. 4/15. 3/15. 2/15. 2/15. 1915. 0/15. 0/14. 9/14. 9 14.8 
38.5 grams 16. 0/16. 0/15. 9/15. 8/15. 8)15. 7/15. 6/15. 6/15. 5/15. 515. 4/15. 3]15. 3/15. 2/15. 115. 1/15. 0/15. 0/14. 9 14.8 
38.6 grams 916. 1/16. 0/15. 9/15. 9/15. 8)15. 7/15. 7/15. 6/15. 6/15. 515. 4/15. 4/15. 3/15. 2/15. 215. 1/15. 1/15. 0/15. 0 14.8 
38.7 grams 16. 1/16. 0/16. 0/15. 9/15. 9915. 8/15. 7/15. 7/15. 6/15. 5415. 5/15. 4/15. 3/15. 3/15. 215. 2/15. 1/15. 0/15. 0 14.9 
38.8 grams 16. 2/16. 1/16. 0/16. 0/15. 9915. 8)15. 8/15. 7/15. 6/15. 615. 5/15. 4/15. 4/15. 3/15. 315. 2/15. 1/15. 1/15. 0 14.9 
38.9 grams j16. 2/16. 1/16. 1/16. 0/15. 9915. 9]15. 8/15. 7/15. 7/15. 6415. 6/15. 5/15. 4/15. 4/15. 315. 2/15. 2/15. 1/15. 1 15.0 
39.0 grams [16. 2/16. 2/16. 1/16. 0/16. O15. 9/15. 8)15. 8115. 7/15. 715. 6/15. 5/15. 5/15. 4/15. 315. 3/15. 2/15. 2/15. 1 15.0 
39.1 grams 16. 3/16. 2/16. 1/16. 1/16. Of15. 9/15. 9)15. 8/15. 8/15. 7415. 6/15. 6/15. 5/15. 4/15. 4415. 3/15. 3/15. 2/15.1 15.0 
39.2 grams [16. 3/16. 3/16. 2/16. 1/16. 1]16. 0/15. 9/15. 9/15. 8/15. 715. 7/15. 6/15. 5/15. 5|15. 4915. 4/15. 3/15. 2/15. 2 15.1 
39.3 grams [16. 4/16. 3/16. 2/16. 2/16. 1]16. 0/16. 0/15. 9/15. 8/15. 8715. 7/15. 6/15. 6/15. 5|15. 5915. 4/15. 3/15. 3/15. 2 15.1 
39.4 grams }16. 4/16. 3/16. 3/16. 2/16. 1)16. 1/16. 0/15. 9|15. 9/15. 8]15. 8/15. 7/15. 6/15. 6/15. 515. 4/15. 4/15. 3/15. 3 15.1 
39.5 grams }16. 4/16. 4/16. 3/16. 2/16. 2]16. 1/16. 0/16. 0/15. 9/15. 9915. 8/15. 7/15. 7/15. 6/15. 5915. 5/15. 4/15. 4/15. 3 15.2 
39.6 grams [16. 5/16. 4/16. 4/16. 3/16. 2116. 2/16. 1/16. 0/16. 0/15. 9915. 8/15. 8/15. 7/15. 6/15. 615. 5/15. 5/15. 4/15. 3 15.2 
39.7 grams ]16. 5/16. 5/16. 4/16. 3/16. 3}16. 2/16. 1)16. 1/16. 0/15. 9915. 9/15. 8/15. 7/15. 7/15. 615. 6/15. 5/15. 4/15. 4/15. 3915.3 
39.8 grams ]16. 6/16. 5/16. 4/16. 4/16. 3]16. 2/16. 2/16. 1/16. 0/16. Of15. 9/15. 8/15. 8/15. 7/15. 715. 6/15. 5/15. 5/15. 4/15. 4415.3 
39.9 grams }16. 6/16. 5/16. 5/16. 4/16. 3}16. 3/16. 2/16. 1/16. 1/16. 0916. 0/15. 9/15. 8/15. 8/15. 715. 6/15. 6/15. 5/15. 5/15. 4415.3 
40.0 grams ]16. 7/16. 6/16. 5/16. 5/16. 4416. 3/16. 3/16. 2/16. 1/16. 1)16. 0/15. 9/15. 9/15. 8/15. 715. 7/15. 6/15. 6/15. 5/15. 415. 4 


OTHER PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF 
AGRICULTURE RELATING TO GRAIN MARKETING. 


AVAILABLE FOR FREE DISTRIBUTION. 


Official Grain Standards of the United States for Shelled Corn. (Markets, 8. R.A.11.) 

Notice of Hearings, etc., United States Grain Standards Act.. (Markets 8. R. A. 12.) 

Opinions, etc., United States Grain Standards Act. (Markets 8. R. A. 13.) 
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Standards Act. (Markets, 8. R. A. 17.) 
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Standards Act. (Markets, 8. R. A. 18.) 

Service and Regulatory Announcements, February 6, 1917. United States Grain 
Standards Act. (Markets, 8. R. A. 19.) 

Official Grain Standards of the United States for Wheat. (Markets, 8S. R. A. 22.) 

Rules and Regulations under the United States Grain Standards Act. (Secretary’s 
Circular 70.) 

A Moisture Tester for Grain and Other Substances and How to Use It. (Bureau of 
Plant Industry Circular 72, revised.) 

A System of Accounts for Primary Grain Elevators. (Department Bulletin 362.) 

Patronage Dividends in Cooperative Grain Companies. (Department Bulletin 371.) 

Dust Explosions and Fires in Grain Separators in the Pacific Northwest. (Department 
Bulletin 379.) 

Improved Apparatus for Determining the Test Weight of Grain, with a Standard 
Method of Making the Test. (Department Bulletin 472.) 

Table for Converting Weights of Mechanical Separations into Percentages of the 
Sample Analyzed. (Department Bulletin 516.) 

A Comparison of Several Classes of American Wheats and a Consideration of Some 
Factors Influencing Quality. (Department Bulletin 557.) 


FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS, GOVERNMENT PRINTING 
OFFICE, WASHINGTON, D. C. 


An Electrical Resistance Method for the Rapid Determination of the Moisture Content 
of Grain. (Bureau of Plant Industry Circular 20.) Price, 5 cents. 

The Separation of Seed Barley by the Specific Gravity Method. (Bureau of Plant 
Industry Circular 62.) Price, 5 cents. 

A Method for the Determination of the Specific Gravity of Wheat and Other Cereals. 
(Bureau of Plant Industry Circular 99.) Price, 5 cents. 

Grades for Commercial Corn. (Department Bulletin 168.) Price, 5 cents. 

A Device for Sampling Grain, Seeds, and Other Material. (Department Bulletin 
287.) Price, 5 cents. 
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STOCK-POISONING PLANTS OF THE RANGE 


By C. D. Marsu, Physiologist, Pathological Division. 
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PREFATORY NOTE. 


Tt is well known that poisonous plants cause heavy losses of range animals. Statis- 
tics in regard to these losses are not available, but from estimates made in many locali- 
ties it seems probable that the average loss must be as great as 3 to 5 per cent, while in 
some range States it rises to much higher figures. For example, it has been estimated 
that in Colorado the losses amount to a million dollars annually, while sheep growers 
in Wyoming have estimated their annual loss as 14.6 per cent. 

These losses, too, are to a large extent of mature animals, those that are ready or 
nearly ready for the market, and for the rearing of which large sums have already been 
spent. The importance of these severe losses has been recognized by the United 
States Department of Agriculture and extended investigations and experiments have 
been undertaken to determine what plants were poisonous and under what conditions 
poisoning took place, and to formulate methods for preventing these deaths. This 
work has involved prolonged study, and is stillin progress. Some very definite results 
have been obtained, however, and it has been shown that the heaviest losses are due 
to a comparatively small number of plants. If the stockmen and herders can recog- 
nize these plants and will act upon the information contained in the bulletins which 
have been published on the subject, there is no doubt that most of these losses can be 
avoided. 

Presumably, for the sake of their own material interests, the owners of live stock will 
be glad to do all in their power to reduce the fatalities from these plants. At the 
present time, however, when it is a matter of supreme concern to conserve the national 
food supply, one of the most important elements of which is meat, it is especially 
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necessary to bring the industry of stock production to the highest possible stage of 
efficiency, and it becomes a civic duty for every owner of live stock to produce as 
much as possible. 

As a factor to aid in the conservation of food, this bulletin has been prepared with a 
view to assisting in the ready recognition of the plants which are most to be feared, and 
with brief suggestions, by following which losses can be largely reduced. 

While our knowledge of poisonous plants is still incomplete, if stockmen will make 
it a point to recognize the plants and instruct their herders, following out the sug- 
gested methods of treatment and prevention, it will result in a very material and 
important increase of the meat supply. 

Plates VIII, XIII, XIV, XV, XXI, and XXIV are from paintings by F. A. 
Walpole, in the collection of the United States National Herbarium. 

J. R. Mounier, 
Chief of Bureau. 


INTRODUCTION. 


Poisonous plants have been the cause of heavy losses among live 
stock on the range. Stockmen generally have recognized the fact, 
but in the past comparatively little has been done to avoid the 
losses. The first intimation of trouble has ordinarily been the 
finding of the dead carcasses, and while the men handling the 
stock have felt reasonably sure that certain plants were responsi- 
ble, their knowledge of the plants was very meager, and the 
evidence against any particular plant was frequently insufficient. 
It was noticed that these losses were more apt to occur in certain 
seasons than in others, and it was assumed in some cases that the 
plant was more poisonous at certain stages of growth than at 
others. Many of the stockmen were entirely uncertain as to what 
plant caused the damage, and it was common to speak of the source 
of the trouble as ‘“‘poison weed,’ in a general way, without any very 
definite idea as to what particular weed was responsible for the loss. 
Moreover, the investigations which have been carried out on the 
subject of range-poisoning plants have necessarily been somewhat 
narrow in scope. There is a popular misconception in regard to 
the quantity of a poisonous plant necessary to produce illness. It 
seems to be the general belief that any plant possessing poisonous 
properties must be violently toxic. It is not unusual to hear stories 
of poisoning of domestic animals by a very few leaves of a poisonous 
plant. As a matter of fact, most of the stock-poisoning plants in the 
United States produce illness only when eaten in considerable quantity. 
This explains why so many experimental tests of animals with 
poisonous plants have failed, sce some of these plants can be eaten 
with no apparent harm, provided the quantity eaten at any one time 
is not sufficient to produce toxic effects. 

The problems of plants poisonous to live stock seem to be very 
largely peculiar to North America. Although similar plants occur in 
the eastern continents, very little information could be drawn from 
Kuropean sources to aid the American stockman. 


STOCK-POISONING PLANTS OF THE RANGE. 3 


For some years the United States Department of Agriculture has 
been carrying on a series of experiments with poisonous plants, and 
there has been accumulated a considerable body of information, 
which, although necessarily incomplete, will be, it is hoped, of service 

to men handling live stock upon the open range. 

It appears from these researches that, while the total die of 
poisonous plants growing in the West may be very large, the number 
to be dreaded by the stockmen is comparatively small, and in most 
cases it is not at all difficult to identify the plants which are to be 
avoided. Of course, most stockmen are not botanists and are not 
interested in the botanical distinctions of plants. Most of them, 
however, are good observers and can readily recognize these plants 
if the salient characteristics are brought before them in a manner 
which they can understand. 

With the continued reduction of the area of stock ranges and the 
increasing value of live stock, the owners are of necessity handling 
the animals with greater care. The time has passed when a man 
will buy a few cows, turn them loose, and pay no more attention to 
them except to brand the calves and occasionally round up a few of 
them for market. It is becoming necessary for stock owners to be 
in constant touch with their animals upon the range, and it is no 
longer probable that a large number will die and the fact become 
known. to the owner only after the lapse of weeks or months. Most 
of the mountain stock ranges at the present time are under the 
general direction of the Forest Service, and the officers of that bureau 
are constantly patrolling the territory under their direction, so that 
between this supervision and the riding by the employees of the 
stock owners, cattle and horses upon the range are kept under 
almost constant observation. Sheep, of course, have always been 
under the immediate care of a herder, and probably will continue to 
be attended to in the same general way. 

Extensive acquaintance by the author with the conditions on the 
western ranges has shown that while harmful plants are known and 
avoided by some men, there are large regions in which these plants 
have never been recognized, in spite of the fact that losses have 
occurred year after year. 

The object of this publication is to present in a brief and intelligible 
form such a description of the common or more important plants as 
can be understood by a person not in the habit of using technical 
terms. With this description is given a brief statement of the symp- 
toms produced by the plant, the time at which the losses may be 
expected to occur, and the means, so far as they are known, of 
avoiding them. It is not intended to give any complete description 
of the plants or their effects. For this, reference must be made to 
the more detailed reports upon specific plants. In regard to most of 
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these our knowledge is at present on a firm basis of experimental 
proof. It has seemed best, however, to add to the list some plants 
which undoubtedly produce poisonous effects, but which have never 
been subjected to detailed experimental study. 


LOCO PLANTS. 


Without any doubt the most destructive of all the poisonous plants 
are those going under the general name of loco. That extensive 
losses of domestic animals have been caused by loco plants. has been 
claimed for a long time, but it is only within the last few years that 
exact evidence, by careful experiments, has shown definitely that 
these plants produce the effect which has been popularly ascribed to 
them. A great deal of interest attaches to these plants because of 
their wide distribution and the large number of animals that have 
been poisoned by them, including cattle, horses, and sheep, and also 
because of the difficulty of actually proving the existence of a poison- 
ous principle in the plants themselves. 

The loco plant has had its place in romantic literature, as it has 
frequently been claimed that it produces the same effect upon human 
beings as upon the lower animals, and it has been a popular subject 
for the short-story writer. None of these stories of ‘“‘locoed” men, 
however, has any substantial foundation. 

The word loco is from the Spanish, meaning crazy, and was given 
to the plant because of its supposed effect upon its victims. Loco 
plants have been heard of in practically all the open-range country 
of the West, except in the higher mountains, and there is no doubt 
that under the term loco disease a large number of ailments have 
been included. Experimental proof, however, has shown that there 
is a disease occasioned by the loco plants, with distinct symptoms 
and with a definite outcome. 


WHITE LOCO (OXYTROPIS LAMBERTI). 


Of all the loco plants the most destructive is the ‘‘white loco,” or 
“‘rattle-weed,”’ Oxytropis lambert: of the botanists. This is not be- 
cause of its greater toxicity, but because it grows in great abundance 
over a wide extent of territory and is poisonous not only to cattle 
and sheep but to horses. It is found in the Plains region east of the 
Rocky Mountains from Alaska to Mexico. Like all the loco plants, 
it belongs to the Leguminose or pea family, the family in which are 
found peas, beans, clovers, alfalfas, etc. It is a perennial plant, living 
two or three years or more, and has a long root system which enables 
it to withstand conditions of drought. The leaflets of the compound 
leaves are slender, more or less hairy, and of an olive-green color. 
Thrifty plants are a foot or more in height. 

The spikes of flowers are borne on stems extending above the 
leaves and are commonly of a prevailing white color, hence its name 
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WHITE LOCO,OR RATTLEWEED’ (OxXYTROPIS LAMBERTI). 


This is the most destructive of all the loco plants, not because of its greater toxicity but because 
of its wide distribution, extending from Alaska on the north to Mexico on the south, and 
from the Continental Divide to the western part of Minnesota. It poisons horses, cattle, 
and sheep. 
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PLATE Il. 
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ASTRAGALUS DRUMMONDI. 


This plant grows very abundantly in the same region as the white loco, and 
frequently is considered as one of the loco plants. Careful experimental 
work has proved that this plant is harmless. 


STOCK-POISONING PLANTS OF THE RANGE, 5 


of white loco. The corolla, however, is frequently streaked with 
purple; sometimes the calyx is red; and sometimes, particularly in 
mountain regions, the whole corolla may be of a deep violet or purple 
color. At gradations in color may be found between these extremes. 
When the plants are in fruit the pods rattle as one hits them in walk- 
ing, very closely imitating the rattle of a rattlesnake, hence the name 
“rattle-weed.”’ 

Plate I is a picture of the white loco as found in the plains of Colo- 
rado. Plate IT shows a field of the plant in blossom. The latter 
picture was taken in the Yellowstone Valley of Montana, but it 
could easily be duplicated in Wyoming or Colorado. 

Tt is evident that where the plant occurs in these great. numbers 
such a thing as cradication is impossible except by plowing over the 
whole country. If animals are turned loose in such a region as this 
they certainly will have an opportunity to obtain an abundance of 
loco. 

ASTRAGALUS DRUMMONDI. 


In Plate III is given a picture of Astragalus drummondi, which 
occurs in many regions in connection with the white loco and is fre- 
quently considered a loco plant. The plant is readily recognized by 
its coarse stems and yellowish flowers, both the flowers and pods 
being somewhat dependent. Many people consider this a dangerous 
plant, but extensive experiments by the Department of Agriculture 
have shown that it is entirely harmless and need not befeared. The 
picture is given here only that stockmen may be able to recognize it 
as a plant which need not be avoided. 


OXYTROPIS BESSEYI. 


Plate IV shows a picture of Oxytropis besseyi. This is a leguminous 
plant, rather common in the Yellowstone Valley, which is very 
closely allied to the white loco and is frequently mistaken for it. 
The flowers are of a deep-pink color, and the plant, while it grows in 
the same regions as the white loco, is found upon the arid barren 
summits of hills, the white loco growing most abundantly at slightly 
lower levels. The two plants intermingle to some extent, but after a 
little experience one is able to distinguish between them, as there 
are certain noticeable differences in the leaves. Oxytropis besseyi is 
known in Montana sometimes as the red loco, because of the color 
of the flowers. Although the plant is closely related to the white 
loco and grows in the same regions, there is abundant experimental 
evidence that it is harmless. It should not be considered as a loco 
plant. The writer considers that the term ‘‘loco”’ should be applied 
only to such leguminous plants as have been proved to have poison- 
ous properties. 
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PURPLE LOCO (ASTRAGALUS MOLLISSIMUS). 


0 66 


This plant, popularly known as ‘‘purple loco,” ‘‘ woolly loco,” and 
sometimes as ‘‘Texas loco,” is one that has been historically known 
as the true loco. It is probably the first plant which was recognized 
as a loco dangerous to live stock. It doesnot grow north of Nebraska, 
and perhaps is most abundant in the Panhandle of Texas, although 
it is found in adjoining regions of New Mexico, Colorado, Kansas, and 
Nebraska. The leaflets are very hairy and are much broader than 
those of the white loco. The plant also has a true stem, while the 
white loco has sometimes been known as the ‘‘stemless loco.” 

Plate V shows a very small plant of this loco. The flowers are 
not as conspicuous as in the white loco, and the corolla is of a deep- 
purple color. The pods are shorter, thicker, and of a deep-brown 
color. Large plants of purple loco may under favorable circum- 
stances be about a foot in height and perhaps 2 feet in diameter. It 
does not commonly grow in the great abundance characteristic of 
the white loco, but there are sometimes fairly extensive fields. Where 
it grows in connection with the white loco the purple loco is more 
inclined to grow at the lower levels, while the white loco is found 
upon the sides of elevations. Purple loco is particularly destructive 
to horses; cattle may be poisoned by it, too, although this is rarely 
the case, perhaps because cattle do not eat it very readily. 


ASTRAGALUS DIPHYSUS. 


Plate VI is a picture of Astragalus diphysus, which is a type of a 
number of loco plants growing in the Southwest. These plants 
differ in their appearance very markedly from the white and purple 
locoes, but although only a few feeding experiments have been per- 
formed, there is every reason to believe that they are fully as destruc- 
tive as the better known plants. Horses seem more likely to be 
affected by these plants than cattle, although in the Southwest there 
are a great many locoed cattle. Closely allied to the plant ilus- 
trated are a number of species which there is every reason to con- 
sider as true loco plants and which it is ncumbent upon stockmen to 
prevent stock from eating. 


SYMPTOMS OF LOCO POISONING. 


All the loco plants produce similar effects. These symptoms 
appear only after a somewhat prolonged feeding upon the plant, and 
this fact has led to the failure of a great many feeding experiments 
with loco. Ordinarily the first symptom in a locoed animal is a 
loss of condition. This is followed by irregularities of gait and weak- 
ness which in many cases seems almost to amount to paralysis. The 
animal shows a lack of coordination in its muscular movements, due 
without doubt to the effect of the plant upon the central nervous 
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system. Horses formerly gentle become uncontrollable and will 
shy violently at imaginary objects or leap high over some slight 
obstruction. Generally speaking, a locoed horse can neither be led 
nor backed, and when put in motion can not easily be stopped or 
turned, but may continue until it runs against a fence or other 
obstruction. 

Many animals acquire a liking for the plant to such an extent that 
they will eat nothing else. This, however, is not true in all cases. 
The animal, when affected, shows progressive emaciation and even- 
tually starves to death. It is not at all unusual in a country where 
there are locoed cattle to see a steer standing off by itself, sometimes 
remaining in one position for hours, or even for days, and finally 
falling and dying without making any attempt to go elsewhere, 
either for food or water. 

The losses from loco plants have been enormous. Some owners 
have gone into bankruptcy, and in many cases it has been found 
impossible to run horses or cattle upon certain ranges. 


TREATMENT OF ANIMALS POISONED BY LOCO. 


It does not always follow that animals eat the plants in any very 
large quantity, for even in a place like that shown in Plate II cattle 
may be pastured for a long time without any of them becoming 
affected. The most important point in regard to the handling of 
domestic animals upon such a loco range, as will be emphasized later 
in this paper, is to see that they have an abundance of good food. 
When the range contains in addition to the loco an abundance of 
grasses the number of locoed animals is very much reduced. 

When the first symptoms of loco poisoning are observed, it is 
essential that the animals be removed to a place where they can 
not get the plants. Horses are very apt, after becoming slightly 
locoed, to continue eating the plant until they are absolutely worth- 
less. It is always unsafe to turn a partly locoed horse upon a region 
that is covered with the plant. The same is true in regard to cattle, 
only to a lesser degree. As soon as symptoms of loco poisoning are 
seen in cattle they should be removed from the open range and, if 
possible, put upon alfalfa pasture. All locoed animals are consti- 
pated, and the alfalfa has a tendency to relieve this condition. 

Generally speaking, if cattle are moved from the open range in 
time and fed upon alfalfa, the greater number of them will recover. 
After recovery it is well to put them upon the market as soon as 
possible, for if turned out upon the range again there is always 
a possibility that they may become locoed a second time, with worse 
results than at first. If the animals are valuable enough to justify 
the time spent in treating them, their recovery will be hastened, 
in the case of horses, by daily doses of 15 to 20 c. c. (4 to 6 drams) 
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of Fowler’s solution, while cattle may be given hypodermic injections 
of strychnin. These doses should be continued for at least a month. 
Care should be taken in the use of strychnin, as locoed animals are 
very sensitive to its use. It is better that doses for cattle should 
not exceed three-twentieths or four-twentieths of a grain. Never, in 
the case of a large animal, should more than one-half grain be given. 

In the case of locoed sheep upon the range, if the number is small, 
it is not profitable to spend any time or trouble with them. It is 
better to slaughter them immediately, as a locoed sheep will teach 
others the same habit. If, however, a number of locoed sheep can 
be separated and, like the cattle, be turned into an alfalfa field, 
most of them are likely to recover. Sheep may be helped by doses 
of one-twentieth grain of strychnin, but ordinarily, on account of the 
small value of individual animals, it is not profitable to spend the 
time which is necessary to insure their recovery. 

In handling animals in a loco country it should be remembered 
that all domestic animals are more or less imitative, and loco eaters 
are likely to teach others to do the same thing. Therefore, so far 
as possible, all animals that have acquired the habit of loco eating 
should be separated from the others. 


LARKSPURS. 


A great many species of larkspurs grow in the western stock 
ranges, and they are widely distributed throughout the mountain 
regions which are used for pasturage. These plants when in blos- 
som are very easily recognized by the peculiar form of the flower. 
Before blossoming there are a few plants with which they may be 
confused by a person who is not versed in botany, but it is not 
particularly difficult for the ordinary observer, after a little experi- 
ence, to recognize larkspurs in all stages of growth. While there is 
a large number of species, all may be grouped under the two general 
heads of tall larkspurs and low larkspurs. 


TALL LARKSPURS. 


The tall larkspurs in their maturity reacn a height of 4, or even 
6 and 8 feet. They are perennials and grow in great abundance 
in the high mountain regions, ordinarily preferring damp and shel- 
tered places, such as are found in mountain valleys and under trees. 
Under some circumstances, however, they may grow in considerable 
abundance in the open. AI the tall larkspurs agree in the form of 
the leaf, which is well illustrated in Plates VII and VIII. The 
flowers, with the spur from which the plant gets its name, are very 
characteristic in their form and in most species vary in their colors 
through various shades of violet, blue, and purple. Before the 
plants are mature the leaves may be confused with those of the 
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Loco PLANT (ASTRAGALUS DIPHYSUS). 


This is a type of anumber of loco plants growing in the Southwest, which are particularly de- 
structive to horses. Experimental work has proved that this poisons both horses and cattle. 
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TALL LARKSPUR (DELPHINIUM CUCULLATUM). 


This is the tall larkspur which is abundant in Montana and adjoining States. It differs from 
the other tall larkspurs in the smaller size and less conspicuous coloring of the flowers. 


Sackett & WiILHELMS Corp. N.Y. 
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TALL LARKSPUR (DELPHINIUM TROLLIIFOLIUM). 


his is the tall larkspur of the Northwest, and is conspicuous because of its large and beautiful 
owers. 5 
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AcONITE (ACONITUM COLUMBIANU™). 


The aconites grow in close proximity to the tall larkspurs, and are frequently confused with 
them. The leaves are almost identical in form, and the plants grow to the same height. 
They can, however, be distinguished by the form and color of the flowers. Although poison- 


ous plants, the aconites do not poison cattle. 
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wild geranium, which in many places grows abundantly with the 
tall larkspur, but the different habit of the plant makes it compara- 
tively easy to distinguish between them. 

It is more difficult to distinguish between aconite and larkspur, 
because the leaves of the aconite are almost identical in form with 
those of the larkspur, and the habit of the plant is similar. In 
Plate IX is given a picture of the ordinary aconite in which this 
similarity will be noted. The leaves of aconite have shorter petioles 
(leaf stalks) than those of larkspur. 

Species of tall larkspurs are found in all the mountain ranges of 
the West at high elevations, growing up as high as the timber line. 
Sometimes they are found as scattered clumps of plants, but fre- 
quently they grow in large masses. 

Plate VII shows the leaf, flower, and seed pod of the tall larkspur 
which is most common in Montana and adjoining States, known to 
botanists as Delphinwum cucullatum. This does not ordinarily grow 
to any considerable height—perhaps not more than 4 feet—and the 
flower is less conspicuous than in most of the tall larkspurs. The 
color is ordinarily described as a grayish purple, due to the fact 
that there is considerable white in connection with the violet-purple 
shades of the corolla. This plant is responsible for most of the 
deaths of cattle by larkspur in Montana. Plate VIII shows the tall 
larkspur of the Pacific coast region; it has a much more conspicuous 
and beautiful flower than Delphinium cucullatum. 

Delphinium barbeyi is perhaps the most widely distributed species 
of the tall larkspurs and is the plant which causes the greater part 
of the tall-larkspur losses in Colorado, Utah, and some other locali- 
ties. Plate X shows the plant as it grows in the midst of other 
plants in the high mountains of Colorado. In this picture it is 
growing in connection with aconite, Veratrum, and some other weeds. 

In most cases the tall larkspurs blossom during the summer 
months and do not die down until they are broken by the snows 
of the early fall. The exact time of blossoming differs with the 
species and with the places in which they occur. In the mountains 
of Colorado the blossoming period is ordinarily in July, and the 
seeds are formed in August, after which the plant commences to 
dry up. The leaves of the tall larkspurs lose their poisonous proper- 
ties after blossoming, so that in most localities the cases of poison- 
ing from these plants occur in the spring or early summer. In the 
case of some species, however, especially in localities where the snow- 
fall is heavy and remains late in the season, in certain parts of the 
Sierras, the period of blossoming continues into the late summer, so 
that poisoning cases may occur at any time during the season. 

The seeds of the tall larkspurs are very poisonous, but they are 
not eaten to any extent, by cattle. 

106738°—Bull. 575—18——2 
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Plate IX is a picture of the ordinary aconite and is inserted in order 
that it can be compared with the picture of the larkspur. Aconite, 
as 1s well known, is a poisonous plant, but somewhat extensive experi- 
mental work by the Department of Agriculture seems to have 
demonstrated that it does not poison live stock upon the range. 
It is important, therefore, that this plant should be distinguished 
from larkspur, because in some localities it occurs in great abun- 
dance, while larkspur is comparatively rare. This is true of certain 
parts of the Yellowstone Park, where in some localities the swampy 
regions are blue with aconite in the summer months, while the lark- 
spur is only rarely met with. In other parts, however, like the region 
between the Yellowstone Lake and the Grand Canyon, the larkspur 
is very abundant and the aconite comparatively rare. 

Flowers of the aconite have the peculiar form from which the plant 
has been known as ‘‘monkshood,”’ and in most regions they are much 
darker in color than the larkspurs. Generally speaking, in the 
aconites of the West the flowers are of a very deep blue. There are 
localities, however, in which the shades of color are much lighter, 
almost the exact shades of the violet and purple that are more typical 
of the larkspurs, while in other places the flowers are almost white. 

The roots of the tall larkspur are long, tough, and fibrous, while the 
roots of aconite are short and rinse with golden-y ellow rootlets. 
The stem of the tall larkspur is hollow, while the stem 1 of the aconite 
is pithy. 

LOW LARKSPUR. 


Plate XI is a typical picture of the low larkspur which is most 
widely spread throughout the western ranges. This species is 
Delphinium menziesii, probably the most destructive of the low 
larkspurs, due to the fact that it occurs in such enormous masses. 
There are regions in Colorado and Utah where many acres are almost 
carpeted with these plants. They occur early in the spring, imme- 
diately after the snow disappears, growing more rapidly than bbe 
grasses, so that in some regions they seem for the time almost t 
preempt the soil. These law lar kspurs blossom comparatively ae 
in the season, and in Colorado Delphinium menziesii dries up and 
disappears not far from the ist of July. Consequently the cases of 
poisoning from low larkspurs occur almost entirely in the months of 
May and June. 

It will be noted that the leaves of the low larkspurs are quite 
different from those of the tall larkspurs, but are easily recognized 
after one becomes fairly familiar with them. 4 

There is another low larkspur, occurring quite commonly in 
Montana, the Delphinium bicolor, which is ty ell of somewhat lower 
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altitudes than Delphinaum menziesii and apparently never grows in 
sufficiently large masses to be dangerous. 

The low larkspurs are poisonous throughout the whole period of 
their lives, while the tall larkspurs gradually lose their poisonous 
properties after blossoming. 

In Plate XII is shown a larkspur with white blossoms, Del- 
phinwum virescens, which is quite common in the plains regions east 
of the Rocky Mountains. This plant probably rarely occurs in suf- 
ficient abundance to cause harm, but there is reason to think that at 
some seasons it has occasioned the death of a considerable number of 
animals. 

PARTS OF LARKSPURS POISONOUS. 


There is a general belief throughout the West that it is the roots of 
the larkspur which are particularly poisonous. Experiments have 
proved conclusively, however, that the different parts of the plant are 
equally poisonous, with the exception that the seeds are especially so. 
Probably in almost all cases of larkspur poisoning the trouble is caused 
by eating the leaves, sometimes with the flowers. As was intimated , 
before, most of the cases of larkspur poisoning occur in the spring or 
‘early summer. 

ANIMALS POISONED BY THE LARKSPURS. 


While horses can be poisoned by corral feeding of larkspurs, there 
is reason to think that if left to themselves upon the range they never 
eat enough of these plants to do any harm. Sheep eat the larkspurs 
freely without suffering any evil consequences. There is quite a 
general belief in many regions of the West that losses of sheep have 
been caused by larkspur feeding, but extensive experiments upon a 
large number of species, and in different regions, have proved con- 
clusively that sheep can be grazed upon larkspur without any risk 
whatever. In fact, it may almost be said that larkspur furnishes 
good forage for sheep. The losses from larkspur poisoning, then, 
are altogether with cattle, and these losses are very heavy. 


SYMPTOMS OF LARKSPUR POISONING. 


While the result of corral feeding shows that there are a number of 
preliminary symptoms, as animals are noticed upon the range the 
first symptom commonly observed is the sudden falling of the animal, 
accompanied by violent struggles. The animal is unable to rise, 
but after a few moments may get upon its feet and walk away, and 
show no further symptoms. In more acute cases of poisoning the 
first fall will be followed by a second, and that possibly by a succes- 
sion of falls, which in severe cases of poisoning are followed by com- 
plete prostration, vomiting, and death. 


12 BULLETIN 575, U. S. DEPARTMENT OF AGRICULTURE. 


TREATMENT OF CATTLE POISONED BY LARKSPUR. 


Inasmuch as death from larkspur poisoning is caused by respiratory 
paralysis, it is very important, if the animal is found poisoned by this 
plant, that immediate means shall be taken to relieve the difficulty 
in respiration. In their struggles animals poisoned by larkspur 
ordinarily throw themselves with their heads downhill, and in this 
position the stomach and intestines press upon the lungs and seriously 
interfere with the function of respiration. . If while in this position 
the animal should vomit, some of the regurgitated material is very 
apt to fall back into the windpipe and cause asphyxiation. When, 
therefore, an animal is seen to fall from larkspur poisoning, it should 
be turned about with its head uphill and erect and should then be 
left undisturbed. It is also desirable under such conditions to give 
the physostigmin remedy hypodermically, as recommended in 
Farmers’ Bulletin 531. The remedy has the following formula: 


Physostiomim: salicylateie ie kite Shi) Iai Qe gS Sees Nt A anaes 1 grain. 
Eilocanpinehydrochloridi sila! (epee ay Sk Sey Lise See 2 grains. 
Strychninjsulphatec en 5 Me i hase Oe Re. Sake ees 4 grain. 


This formula would apply to an animal weighing 500 or 600 pounds. 
For a large steer or cow of 1,000 pounds or more the dose should be 
twice that given in the formula. These materials can be obtained 
from any dealer in drugs. The physostigmin salicylate and pilo- 
carpin hydrochiorid are furnished in veterinary hypodermic tablets, 
each containing one-half grain of physostigmin salicylate and 1 grain 
of pilocarpin hydrochlorid. The strychnin sulphate can be obtained 
in tablets each containing one-half grain. These dissolve easily, and 
it is well to have two or three doses ready in small homeopathic 
bottles. For yearlings one should use two of the physostigmin-pilo- 
carpin tablets and one of the half-grain strychnin tablets dissolved 
in enough water to fill an 8-dram homeopathic bottle; for full-grown 
cattle four of the physostigmin-pilocarpin tablets and two of the 
strychnin tablets dissolved in an 8-dram bottle full of water should 
be used. 

It is best to use an all-metal hypodermic syringe. This can be 
easily cleaned by boiling. The form which has been found most 
useful for the field is that known as the Quitman syringe. In this the 
needles are carried in the hollow piston, and a case is therefore unnec- 
essary. The syringe should be of the 10-centimeter size, which holds 
half an 8-dram bottle of water, so that the remedy can be given to 
yearlings in a single dose, while for mature cattle the syringe must 
be filled twice. The needle is most conveniently inserted in the 
shoulder. There is little doubt that prompt treatment of animals 
poisoned by larkspur will result in the saving of most of the cases. 
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LOW LARKSPUR (DELPHINIUM MENZIES!1)). 


This is the most common of the low larkspurs, extending from Colorado to the Sierras, and 
causes heavy losses of cattle. 


Sackett & WiLHeLMS Corp. N.Y. 


PLATE XII. 
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PRAIRIE LARKSPUR (DELPHINIUM VIRESCENS). 


The white larkspur of the plains, which is found as far south as Texas. It is probably 
responsible for occasional losses of cattle in those regions. 
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CICUTA (WATER HEMLOCK). 


The most poisonous of all the plants in the United States is, without 
any doubt, the Cicuta, which is most commonly known throughout 
the West as ‘‘parsnip’’; sometimes as ‘‘water hemlock.’ There are 
several species of Cicuta recognized by our botanists, but they are 
very closely allied, and for the purpose of stockmen the description 
of one will serve for all. Plates XIII and XIV are of the Cicuta, 
which is common on the Pacific slope. 

Cicuta is an umbelliferous plant growing in swamps and damp 
valleys and frequently very abundantly along irrigating ditches. <A 
Jarge number of umbelliferous plants occur in these localities, and it 
is difficult for the nonbotanical person to distinguish Cicuta from other 
similar nonpoisonous plants. Probably the easiest way to distin- 
guish the plant is by an examination of the rootstock. The Cicuta 
grows from a rootstock to which are attached roots which may be 
small, as shown in Plate XIV, or may take the form of a group of 
thick, fleshy tubers. In longitudinal section this rootstock shows 
more or less distinctly a number of transverse chambers, as shown 
in Plate XIV. By this peculiarity of structure Cicuta can be dis- 
tinguished from most plants growing in places where it is likely to 
be found. 

POISONING BY CICUTA. 

It has been commonly thought that the tops of Cicuta when found 
in hay caused the loss of stock, but experimental work of the 
department has shown quite conclusively that the tops and seeds 
never occasion losses. The rootstock, however, is violently poisonous, 
and a very small quantity of this is sufficient to kill any animal that 
eats it. Probably all animals are susceptible to the effects of this 
plant. The losses of domestic animals are mainly of cattle, which 
either obtain the rootstocks that have been plowed up along irrigat- 
ing ditches or find them along watercourses in mountain valleys where 
they have been washed out by the high water. 


SYMPTOMS, TREATMENT, AND LOSSES. 


The symptoms of Cicuta poisoning are frothing at the mouth and 
most violent convulsions, which in a short time ordinarily end in death 

When cattle are severely poisoned the convulsions are so violent 
that it is almost impossible to administer a remedy; in fact, no effec- 
tive remedy is known, and death is almost certain to follow cases of 
Severe poisoning by this plant. It frequently happens that human 
beings, especially children, are poisoned by Cicuta, in which case if 
an emetic can be given promptly, so that the stomach is quickly 
emptied, recovery usually takes place. Because of the fact that 
ruminant animals can not empty the stomach by vomiting, this 
remedy can not be applied to them. 
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The losses from Cicuta poisoning are not ordinarily very heavy, but 
individual stockmen occasionally lose quite a number of animals. 


DEATH CAMAS (ZYGADENUS). 


The larger part of the losses of sheep from poisonous plants during 
the spring and early summer months is due to the various species of 
Zygadenus, or death camas. 

Plate XV, a picture of Zygadenus venenosus, gives a clear idea of 
the general appearance of these plants. This species is common in 
the foothill regions of the range country of the West and sometimes 
occurs in great abundance. It starts early in the spring, before the 
grasses, and matures during the months of May and June. By reason 
of its green, grasslike leaves it is not easily recognized in the early 
stages of its growth. When fully grown it is somewhat conspicuous 
on account of its yellowish-green flowers, which make it a plant easily 
distinguished from others. This is especially true when it is growing 
in quantity, for acres may be covered with these rather striking 
blossoms. 

ZYGADENUS ELEGANS. 

Another species, Zygadenus elegans, resembling the venenosus in its 
general characteristics, is found at higher elevations in the moun- 
tains, and grows in a similar way, but is somewhat later in maturing. 


ZYGADENUS PANICULATUS. 


Zygadenus panculatus, of the States farther west, a picture of which 
is given in Plate XVI, resembles very closely the venenosus and elegans, 
but differs mainly in the more extended panicle of flowers. The illus- 
tration also shows the seed pods of Zygadenus. 

These plants are found in practically all the grazing States of the 
West, and, unfortunately, in many regions they have not been recog- 
nized as injurious. In the Northwest, where recognized, the popular 
term “lobelia”’ has neein applied to Zygadenus. Sometimes it is 
known as ‘‘poison sego.’ 


SYMPTOMS OF ZYGADENUS POISONING. 


The prominent symptoms of Zygadenus poisoning, as seen upon 
the range, are frothing at the mouth, nausea accompanied by vomit- 
ing, great weakness accompanied sometimes with nervousness and 
resulting in collapse of the animal, which may he without food for 
hours, or even days, before death terminates the case. It is not 
unusual for large numbers of sheep in a band to be poisoned by Zyga- 
denus, and in such case the result is almost always heavy losses. 
Perhaps more cases of Zygadenus poisoning have been reported from 
Montana than from other States, but this is simply because the cases 
have been under observation in that locality; the losses are probably 
just as heavy in Utah, California, and elsewhere. 
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There are no medicinal remedies which can be used effectively for 
Zygadenus poisoning. The important thing is to avoid the possi- 
bility of the sheep eating any large quantity of the plant. Unfor- 
tunately, the plant is quite toxic, so that comparatively small quan- 
tities may produce harm. 

LUPINES. 


The lupines are among the most conspicuous of the flowering 
plants upon mountain ranges. They are scattered in a very large 
number of species practically over all the grazing regions. They are 
known under a great variety of common names, among which are 
*“blue pea”’ and ‘‘wild bean.”’ 

The picture of Lupinus sericeus, Plate XVII, will serve for the 
identification of any of the lupines. The form of the leaf and the 
color of the flower, ordinarily shades of purple or blue, readily dis- 
tinguish this plant from others growing in the same neighborhood. 
The seeds are especially poisonous, and most cases of poisoning result 
from eating the pods containing seeds. The pods alone, however, 
may poison, and sometimes sheep are poisoned by the lees or by 
the leaves in combination with the seed pods. 

_ The losses from lupine poisoning are mostly of sheep, although 
some horses are poisoned. It is probable that the lupines are the 
principal cause of sheep losses in the late summer and fall months. 
It is not by any means to be understood that sheep are always poi- 
soned when they come upon a patch of lupine, for bands of sheep 
may feed through lupine for a whole season without any harm. 
When, however, a hungry band comes upon a patch of lupine at the 
time when the pods are filled with seeds, poisoning frequently occurs. 
Cases of poisoning sometimes happen when sheep are taken from the 
ears and allowed to graze freely upon lupine.. Many cases of poi- 
soning have occurred when the sheep are brought down from the 
mountains in the fall, If during that passage the band is overtaken 
by a snowstorm, sometimes it will feed freely upon the lupine pods 
which remain above the snow, and heavy losses may occur. It is 
not unusual for several hundred out of a band to be killed by fupine 
poisoning. These losses are not confined to any one State, but occur 
in practically all the Western States where sheep are grazed upon 
the range. : 
SYMPTOMS OF LUPINE POISONING. 

The symptoms of lupine poisoning resemble in many respects ned 
produced by some other poisonous plants. There is frothing at the 
mouth, but in addition the animals run about in a frenzy, butting. 
_ against any opposing object 1 in a Hey a seems to be character! 
istic of this disease. 
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TREATMENT FOR LUPINE POISONING. 


No medicinal remedies have been found for cases of lupine poison- 
ing. The only thing for a sheep herder to do is to make certain in 
advance that the animals under his care shall not come upon a patch 
of lupine in pod at a time when they are particularly hungry. 


LAURELS. 


Among the plants classed as laurels are a number which are 
important as poisonous plants and occasion heavy losses, more espe- 
cially of sheep. All these plants contain a poisonous substance 
known as andromedotoxin. The following brief statements concern 
the laurels which are known to cause losses on the western ranges. 


MENZIESIA GLABELLA. 


This shrub, which grows in the mountains of the extreme North- 
west, has been found to be distinctly poisonous to sheep. It is not 
known that many losses have occurred from eating this plant, but 
it was demonstrated in one case in Idaho that the plant was the 
cause of very heavy losses, and there is no doubt that when sheep 
in those regions are pastured on the north slopes where Menziesia 
is more likely to grow, and are short of other food, disastrous results 
may follow. Plate XVIII shows this plant in flower. 


BLACK LAUREL (LEUCOTHOE DAVISIAE). 


This plant, generally known through the Sierras as ‘‘black laurel,’ 
is particularly destructive to sheep. It has thick, dark-green, oval 
leaves and small white flowers in erect racemes, as shown in Plate 
XIX, and grows to a height of about 3 or 4 feet. It is found in 
small patches at elevations from about 3,500 to 5,000 feet in the 
northern Sierras in California. While far from common, it is yet a 
very important plant because of its extremely toxic character. It 
has been stated that a single leaf will poison a sheep. ‘This state- 
ment is probably exaggerated, but experimental work shows that 
very small quantities will poison sheep and that death may be pro- 
duced by between one and two ounces. 


LEDUM GLANDULOSUM. 


This plant, illustrated in Plate XX, is also known in California as 
black laurel and probably is not generally distinguished from Leu- 
cothoe davisiae by the sheepmen, although it has a very different 
habit. It is rather widely distributed, being found not only in the 
Sierras and Coast Ranges in California, but also in Oregon, Wash- 
ington, Nevada, and the Rocky Mountains. While no experimental 
work has been done with this plant, there seems to be no question 
that it causes serious losses of sheep in California. 
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CICUTA VAGANS. 
The species of Cicuta growing in the northwestern United States. Cicuta, commonly known 
to stockmen as parsnip, is the most poisonous of all our native plants, and grows in damp 
valleys and along irrigating ditches. 


Sackett & WILHELMS CorP. NY. 
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CICUTA VAGANS. 


A young plant with the rootstock, and a longitudinal section of the rootstock. By the trans- 
verse chambers shown in the longitudinal section of the rootstock the Cicuta can readily be 
distinguished from any other plant growing in the same locality. 


Sackett & WiLHELMS Corp. N.Y. 
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DEATH CAMAS (ZYGADENUS VENENOSUS), 


This species of death camas, growing in the foothills, causes heavy losses of sheep during the 
spring season. 


Sackett & WILHELMS Corp, N.Y. 
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DEATH CAMAS (ZYGADENUS PANICULATUS). 


This plant has the same properties as Zygadenus venenosus, and withinits range is equally destruc- 
tive. It is to be noted that the seeds of the species of Zygadenus are especially poisonous. 
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LUPINE (LUPINUS SERICEUS). 


All the species of Lupine are supposed to be poisonous, and are the cause of the larger part of 
the heavy losses of sheep during the late summer and fall months. Sheep are most likely 
to be poisoned by eating the pods and seeds. 


Sackett & WiLHELMS CoRP. N.Y, 


PLATE XVIII. 
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BLACK LAUREL (LEUCOTHOE DAVISIAE). 


This is one of the black laurels, and causes heavy losses of sheep in the Sierras, 
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BLACK LAUREL (LEDUM GLANDULOSUM). 


One of the black laurels which, together with Leucothoe, cause probably the major part of the 
losses of sheep in the Sierras. 
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WHITE LAUREL (AZALEA OCCIDENTALIS). 


its crows at a lower elevation than the black laurels, and causes heavy losses of sheep in the 
ierras. 


Sackett & WILHELMS Corp. N.Y. 
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RHODODENDRON ALBIFLORUM. 


A laurel causing losses of sheep in the Northwest. 


PLATE XXII. 


— 
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COMMON FERN (PTERIS AQUILINA). 


PLATE XXIII. 


The common fern, particularly in the regions of the Northwest, sometimes causes losses of horses 


and cattle. 
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WHITE LAUREL. 


White laurel (Azalea occidentalis) is illustrated in Plate XXI. It 
is found in the Coast Ranges and the Sierras, growing at a slightly 
lower level than the black laurels, and causes considerable losses of 
sheep. 


RHODODENDRON ALBIFLORUM. 


Rhododendron albifiorum, illustrated in Plate XXII, is common in 
the mountains of the Northwest and has undoubtedly caused some 
losses, although it is not very generally recognized as a poisonous 
plant. Preliminary experiments apparently show that it is more 
poisonous than Menziesia, but less so than the black laurels. 


SYMPTOMS OF LAUREL POISONING. 


-The symptoms are practically the same in all cases of laurel poi- 
soning. There is salivation resulting in frothing at the mouth, 
nausea ordinarily accompanied by vomiting, depression, weakness 
shown by a staggering gait or inability to stand, and irregular respi- 
ration. Grinding of the teeth is frequently noticed in sick animals. 


TREATMENT OF LAUREL POISONING. 


Little can be done in the way of remedial treatment. Anything 
that will aid in elimination will be of some benefit, and to this end 
purgatives may be given, such as Epsom salt in doses of 4 ounces. 
The main reliance, however, must be placed on prevention. Herders 
should learn to recognize and avoid the plants. 


FERN. 


The common bracken fern, Pteris aquilina, which is illustrated in 
Plate XXIII, should be mentioned here as one of the poisonous 
plants, although the losses from it are probably not large. It has 
long been known abroad that the fern is poisonous to cattle and 
horses. ‘There have been comparatively few reports in this country 
of such losses, and those are largely confined to the Northwest. 
There is no doubt that ferns will poison both cattle and horses, and 
probably sheep, and care should be taken that hungry animals shall 
not have an opportunity to consume any large quantity. 


WILD CHERRY. 


For years there have been persistent reports of poisoning, especially 
of sheep, from eating wild-cherry leaves. There has been great 
difficulty in proving the truth of these stories, for it has frequently 

-happened that of several bands going through a mass of wild cherry, 
possibly only one would suffer, while the others would go through in 
an entirely safe manner. A large number of experiments have been 
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performed with wild-cherry leaves, many of which have been with- 
out results. Investigations by the department, however, have 
proved beyond question that the leaves of wild cherry are extremely 
poisonous, and there seems to be no doubt that, under certain cir- 
cumstances, animals may be killed by eating this plant. These 
cases ordinarily occur along drives that are bordered by wild cherry 
and where there is very little else for the animals to eat. 

Sheepmen should by all means avoid, if possible, trails that are 
lined with wild cherry, and if it is necessary to drive over these trails, 
they should take great care that the animals are well supplied with 
food before commencing the drive. Poisoning from wild cherry is 
due to prussic acid, and death results very quickly. No treatment 
is likely to modify the results. Plate XXIV shows one of the wild 
cherries of the West. 


MILKWEED (ASCLEPIAS). 


There are persistent accounts in certain regions of losses, particu- 
larly of sheep, by eating milkweed. There seems to be no question 
of the accuracy of these accounts, although it has been impossible 
thus far to verify the poisonous properties of milkweed by corral 
experiments. 

The plant is very distasteful to animals under ordinary conditions, 
and where animals are confined in corrals it is almost impossible to 
make them eat it. It seems to be true, however, that range animals, 
when compelled by severe hunger, will sometimes eat enough to 
occasion disastrous results. Plate X XV shows a picture of the com- 
mon milkweed. 


WOODY ASTER (XYLORRHIZA PARREYI). 


The woody aster, shown in Plate X XVI, occurs in great abundance 
in certain regions in Wyoming, and has been accused of causing losses 
of sheep in those localities. There appears to be no doubt that the 
plant is poisonous. It is a fibrous plant, however, and is very dis- 
tasteful to sheep under ordinary circumstances, so there is very 
little danger from it, provided the sheep are kept in a region where 
sufficient feed is obtainable. 


COLORADO RUBBER PLANT, OR PINGUE (HYMENOXYS FLORIBUNDA). 


This plant, shown in Plate X XVII, is confined to the northern part 
of New Mexico and the southern part of Colorado and Utah, and in 
certain localities grows in very great abundance. Its aster-like 
flowers are quite conspicuous, and the plant is readily distinguished 
from other similar plants because of the dark golden-yellow color of 
the flowers. The rubber plant has had a good deal of advertising 
because it contains a certain amount of rubber and has been the 
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subject of commercial exploitation. It is claimed, especially in 
southern Colorado and northern New Mexico, that sheep feeding 
upon this plant in the late winter suffer severely. 

Experimental work has proved that the plant is poisonous to 
sheep, but it has been found difficult, under corral conditions, to 
make them eat it. Field observations have shown that in the locali- 
ties where animals are reported to have suffered, the sheep in the 
latter part of the winter are frequently kept under conditions closely 
approaching starvation, and at such times doubtless, by force of 
circumstances, they would eat more of the plant. It is very much 
to be doubted if there would be any losses from this plant if bands 
were properly fed. 


WESTERN SNEEZEWEED (DUGALDIA HOOPESI)). 


66 


Western smeezeweed, sometimes called ‘‘yellow weed” by the 
stockmen, is found in great abundance on the sheep ranges of the 
Wasatch mountains in Utah, especially in localities where the range 
has been heavily grazed. The plant is distributed in greater or less 
numbers from Wyoming in the North to New Mexico and Arizona 
in the South, and as far west as California, but it is in Utah that it 
has become prominent as a poisonous plant. 

The plant, shown in Plates XXVIII and XXIX, is a stout perennial 
composite, growing to 2 or 3 feet in height, with thick deep-green 
leaves. The rays of the flower are of an orange color and the disk 
a brownish orange; the blossoming period in the Wasatch mountains 
ends the middle or last of August. Its range in elevation is from 
7,000 to 10,500 feet. 

Under ordinary range conditions the western sneezeweed seems to 
be dangerous only to sheep. It has been found to be the cause of 
what is known in Utah as the ‘‘spewing sickness” of sheep, from 
which there have been quite heavy losses. 


SYMPTOMS OF POISONING BY DUGALDIA. 


The marked symptoms of Dugaldia poisoning are depression, 
weakness, salivation, and nausea accompanied with vomiting; this 
latter symptom is so prominent as to have given the disease its 
popular name. Diarrhea is common, and bloating is a prominent 
symptom in the animals poisoned on the range. The poison is 
cumulative, and its effects continue for a long time. 


TREATMENT FOR DUGALDIA POISONING. 


No medicinal remedy for the disease has been found. It is the 
custom of sheepmen on the Wasatch mountains, when their sheep 
are found to be ‘‘spewing,”’ to take them to lower altitudes on 
“browse range,” when their condition is improved. It is recognized, 
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however, that this treatment does not bring about a real cure. It is 
important that herders should recognize the plant and so far as pos- 
sible avoid ranges or parts of ranges where it is especially abundant. 
Generally speaking, when a band of sheep is found to be suffering 
from this plant it is because they have been eating it for some time, 
and perhaps a single large feeding may have precipitated the trouble, 
which is mainly due to the accumulated effect of prolonged feeding. 


OAK. 


Throughout the grazing regions of the West there is a very general 
belief in the poisonous properties of oak leaves, more particularly in 
regard to their supposed toxic properties for cattle. It is quite 
generally thought that poisonous effects are produced in the spring 
when cattle are eating the buds and young leaves. This belief 
applies especially to the Gambel oak (Quercus gambellii), which is a 
common scrub oak of Colorado, Utah, and New Mexico, and to the 
shinnery oak (Quercus havardi), a low shrub in eastern New Mexico 
and western Texas. Extended experiments are being carried out 
upon these plants by the U. S. Department of Agriculture. These 
experiments are still in progress, and the results can not be considered 
as definitely conclusive. It seems probable, however, that oak 
leaves do not have any distinctly poisonous properties, but, on the 
contrary, especially when the leaves are mature, form a valuable 
element in the forage of range animals. When cattle are fed exclu- 
sively on oak leaves they suffer from constipation, so that on an 
overgrazed range this condition may become so serious as to pro- 
duce illness and death. No serious results need be expected, how- 
ever, provided the forage is sufficiently abundant so that there is 
enough variety to preclude the exclusive use of oak. 


PSORALEA TENUIFOLIA. 


This is a very common plant on the plains of Colorado, Wyoming, 
and Montana, and is found as far east as Illinois. There have been 
many reports of its poisonous effects on horses and cattle, and it is 
said to have been used by the Indians for poisoning fish. Several 
species of Psoralea have been examined by chemists, and have been 
found to contain poisonous principles. One of the species has been 
popularly known as a loco weed. There has been no experimental 
work to prove its effect on domestic animals, and as it is distasteful 
to grazing animals it can not, under any circumstances, be considered 
an important poisonous plant. There is good reason, however, to 
suspect it of sometimes being harmful, if animals are forced to eat 
it by reason of poor pasturage or because it is present in large quan- 


tity in hay. Plate XXX is a picture of this plant. 
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WILD CHERRY (PRUNUS NANA). 


The wild cherries grow in great abundance upon the stock ranges of the mountain regions and 
sometimes occasion quite heavy losses. : 


Sackett & WiLHELMS CorRP. N.Y. 
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COMMON MILKWEED (ASCLEPIAS SPECIOSA). 


While there is little experimental evidence against the milkweeds, there seems to be no doubt 
ae pocesicnally sheep, through lack of better forage, eat considerable quantities of milkweed 
with fatal results. 
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Woopy ASTER (XYLORRHIZA PARREY)). 


The woody aster has been considered to cause losses of sheep in Wyoming. It is probable that 
sheep eat it only when there is a lack of other forage. 
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COLORADO RUBBER PLANT OR PINGUE (HYMENOXYS FLORIBUNDA). 


For a long time the Colorado rubber plant has been accused of causing losses of sheep in northern 
New Mexico and southern Colorado. 


Sackett & WiLHELMS Corp. N.Y. 
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WESTERN SNEEZEWEED (DUGALDIA HOOPES!1). 


This, especially in Utah, causes serious losses of sheep. 


Sackett & Withetms Corp. N.Y. 
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PLATE XXIX. 


WESTERN SNEEZEWEED (DUGALDIA HOOPESII). 
This shows how thickly it grows where land is heavily grazed. 


PLATE XXX. 


Bul. 575, U. S. Dept. of Agriculture. 


PSORALEA TENUIFLORA. 


A very common plant on the plains, supposed to be poisonous under some circumstances. 
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PREVENTION OF LOSSES. 


In Farmers’ Bulletins 536 and 720 attention was directed to the 
fact that most of the losses from poisonous plants occur at times 
when the animals are short of feed, and it was suggested that the 
larger part of the stock poisoning is indirectly due to scarcity of 
proper forage. This fact of the intimate relation of scarcity of feed 
to stock poisoning can not be too strongly impressed upon the people 
who handle range animals in the West. 

There is apparently a popular idea that range animals will volun- 
tarily seek out poisonous plants and eat them by preference. It 
may be stated as a general fact that this is not true. Animals 
seldom eat poisonous plants except as they are driven to do so by 
lack of other food. Almost all poisonous plants are actually dis- 
tasteful to live stock and under ordinary circumstances will be 
avoided. The only exception to this, perhaps, is the group of loco 
plants. Animals do frequently acquire a taste for loco and under 
some circumstances will eat nothing else, even in the presence of 
other forage; and yet the initial feeding in the case of loco plants 
is almost invariably brought about by scarcity of food. 

It has long been known that loco eating is ordinarily commenced 
in the winter season or in the early spring when the loco plants are 
green and luscious, and before the grass has started. The loco plants 
at that time are the most prominent plants on the plains, and 
animals commence to eat them because of lack of other food. Many 
animals after feeding upon loco a shért time acquire a liking for it 
and will continue to eat it even in the presence of an abundance of 
other food. This is not true, however, even of all loco-eating ani- 
mals, for there are very many which, after the grass has started, 
will leave the loco and will recover entirely from the effects which 
have been produced by the preceding feeding. 

In the matter of the other plants, the relation between starvation 
and the eating of the poisonous plant is still more marked. For 
instance, the larkspurs spring up immediately after the snow leaves 
the mountains and grow much more rapidly than the surrounding 
grasses, and if cattle are allowed to go up to the upper ranges before 
the grasses have had a fair start, they find already occupying the 
ground the succulent larkspur plants in huge numbers. Sometimes 
the cattle come from dry winter feed and are anxious to gorge them- 
selves with any green material they find. Under such circum- 
stances if they come upon a field of larkspur they frequently eat 
enough to produce fatal consequences. Later in the season there is 
very much less danger from larkspur because of the abundance of 
other food. If, however, cattle are driven from one range to 
another and the trail passes through a mass of tall larkspur, it is not 
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at all unusual for the hungry animals to grab hastily at the plants, 
and this may result in disastrous consequences. Under such circum- 
stances it is important that the cattle shall not be driven rapidly, 
for then they will snatch all the.more, and they should also have 
been thoroughly fed before going upon such a drive. 

This has been illustrated in certain places in Colorado, where it is 
customary to drive cattle from one range to another, and for years 
there were always heavy losses. In the old days it was the custom 
to gather the cattle together and rush them as rapidly as possible 
through the place where the tall larkspur was growing. Losses 
invariably occurred. In recent years, instead of gathering the cattle 
together they have been put through the drive in small numbers 
and have been allowed to feed before starting. They are not driven 
rapidly. Under such conditions no losses have occurred. 

It is also evident, from what has been said earlier in this paper, 
that if cattle can be kept off fields of larkspur until after the plant 
has blossomed, little trouble may be expected. This method has 
been employed for many years in certain regions in Colorado, where 
it is a common practice to “‘ride for poison,” as it is called; that is, 
the herders ride and keep the cattle down from the higher ranges 
until the larkspur has blossomed and matured, after which there is 
no further danger. The same thing has been accomplished in cer- 
tain regions by putting up drift fences which are designed to keep 
the cattle on the lower ranges until the danger is past. There are 
valleys known as death traps f6r cattle. Frequently it will be found 
that in these valleys the tall larkspur is thriving in large clumps, and 
cattle drifting in will feed freely upon it. It is often possible under 
such conditions to clear out this larkspur, or enough of it so there 
will be no danger. In order to kill the plants, the roots of most of 
the species should be cut off at least 6 or 8 inches below the surface. 

Deaths from Cicuta poisoning rarely occur except in the case of 
animals that are almost in a starving condition. If very hungry 
animals are turned loose upon a range, and they find a number of 
Cicuta roots lying beside a ditch or along a mountain stream, and 
there is nothing else to eat, they eat these roots, of course, and 
death follows. 

The Tosses of sheep from death camas (Zygadenus) occur under 
very simular conditions to those of cattle from larkspur. Zygadenus 
grows very early in the spring. It precedes the grasses in its growth 
and is present in a succulent condition at a time when other forage 
is extremely scarce. Inasmuch as it occurs frequently in large 
masses, if sheep are trailed over these places they are liable to get 
enough to cause heavy losses. It is particularly important in the 
handling of sheep in such localities that, if possible, they be grazed 
in loose order. In fact, this applies to the handling of sheep under 
all circumstances. When the animals are massed together they will 
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eat everything in their course, and, because of jealousy, will take 
particular pains to get every available plant. If, on the other hand, 
they are kept in loose order and spread widely over the range, they 
are much less likely to eat any poisonous plant. 

This applies equally well to lupine poisoning. When sheep are 
allowed to feed freely upon a lupine patch and are moved without 
any haste, no harmful results will occur. If, however, they are 
massed together and driven in close formation over such a patch, 
they are almost certain to be poisoned if the plants are in pod at the 
time. A large number of specific instances have been noted. At 
one place in Idaho, for instance, where losses have occurred repeatedly, 
it was found that the sheep were trailed in a narrow space through a 
patch of lupine. The remedy in such cases clearly is to see that the 
sheep, when it is necessary to trail them through a patch of lupine, 
are drifted rather than driven, and that they are well fed when they 
come upon this locality. It seems probable that intelligent handling 
of bands of sheep may reduce to almost nothing the losses occasioned 
by Zygadenus and lupine. If, however, hungry sheep come in con- 
tact with fields of Zygadenus in the spring, or with fields of lupine 
in the late summer and fall, at a time when the plants are bearing 
pods, fatal results must be expected. 

In one locality in Oregon an instance of this character occurred in 
the summer of 1914, when something like 4,000 sheep which had been 
driven rather rapidly along a trail where forage was scarce were 
turned into a 10-acre pasture on which there was little but sagebrush 
and lupine, the lupine at that time being in pod. About 400 out of 
the 4,000 sheep died. Similar instances might be cited in a large 
number of places. Sometimes successive bands of sheep are driven 
over a trail, several going without any loss whatever; then one band 
may suffer heavily, while others following are not harmed. The 
explanation of these cases seems to be that the first animals going 
over the trail avail themselves of all the useful forage. The succeed- 
ing animals, finding nothing suitable for food, take the poisonous 
plants, which may be wild cherry or lupine, or, in the case of cattle, 
larkspur. The animals which are poisoned may exhaust the supply, 
even of the poisonous plants, so that succeeding bands are not 
poisoned and get across the trail safely provided they do’ not fall 
from actual starvation. 

It follows from these facts that it is very undesirable to keep sheep 
for any length of time upon the same bedding ground. This has 
been shown to be bad for the range on general principles, but it is 
also rather risky for the sheep themselves, for if animals go out from 
the same place day after day and return at night they will eat every- 
thing that is available along the route. In such cases, if there are 
poisonous plants to be obtained, the animals are pretty apt at some 
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time to get hold of them, with disastrous results. This has been 
very clearly shown in a case of Menziesia (laurel) poisoning, in 
which animals were bedded on a forest range for five nights in the 
same place; the animals were safe for the first two nights, but after 
that there was heavy loss. At the same time a band that was 
wandering about without a herder m the same region was uninjured. 

It can not be too strongly impressed upon persons handling sheep 
upon the range that the sheep should be allowed to graze as far as 
possible under strictly natural conditions. By this is meant that 
they should be allowed to go freely, separated from each other, 
moving slowly, and not allowed to graze over and over upon the 
same ground. The so-called blanket system of herding, which 
is advocated by the Forest Service, in addition to the fact that it 
aids in the conservation of the range, will also without any doubt 
reduce the losses from poisonous plants to a minimum, if it does not 
entirely do away with them. 


CONCLUSION. 


In conclusion, it should be stated that, generally speaking, very 
little must be expected from medicinal remedies to reduce the losses 
from poisonous plants. It is true that such remedies will help in the 
case of locoed animals and will save life in the case of larkspur poison- 
ing of cattle. Generally speaking, however, the reliance should be 
placed not in remedies, but upon prevention. Animals must be so 
well cared for that they will not wish to eat poisonous plants. Some- 
thing may be done in the way of eradication, as was indicated under 
the discussion of larkspur. Larkspur can doubtless be eradicated 
within a limited area. The locoes in pastures can be eradicated with 
very little difficulty, but upon the open range dependence must be 
placed upon avoidance rather than eradication. Zygadenus, too, does 
its harm upon the open range, and there it occurs in such large 
masses that eradication is impossible. In the matter of Cicuta, farmers 
might, without doubt, accomplish much by digging it up along their 
irrigation ditches, and this practice is usual in a great many localities. 
But in the main the losses from poisonous plants must be prevented 
by careful handling of the herds, remembering always that animals 
are not likely to eat poisonous plants by preference, but that under 
starvation conditions they may be driven to the use of such material 
for forage with most disastrous results. 


O 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 555 


Contribution from the Office of Public Roads and Rural Engineering 
LOGAN WALLER PAGE, Director 


Washington, D. C. A November 26, 1917 


STANDARD FORMS FOR | 
SPECIFICATIONS, TESTS, REPORTS, AND 
METHODS OF SAMPLING FOR 
ROAD MATERIALS 


As recommended by the 


_ FIRST CONFERENCE OF STATE HIGHWAY TESTING ENGINEERS 
AND CHEMISTS 


Washington, D. C., February 12 to 17, 1917 


CONTENTS 


Introduction Forms for Reporting Test Results . . . 
Forms of Specifications for Materials . . 5 | Standard Methods of Sampling ..... 
Methods of Testing Materials. . 30 | Index ... eo 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1917 


ee ee 
‘ 


at a Bs ee Si eee 


er ee ee ee ee ee ee ee, Te eae eee. Fe ee ee? on a ee 


Participating in the First Conference of State Highway Testing 
Engineers and Chemists were: 


STATE REPRESENTATIVES. 


CB. OSBORNE_= == California:_| HH. E. Brrep {oS New York. 
R. L. SAUNDERS_____ Connecticut. HS: MArrimrorn 222 = New York. 
G@MeeSTRAEPAING 2 Ess Georgia. Js Hee MYyERS 2 esos New York. 
Vitec Dey se] RYO Oy pee es Tllinois. LBs Migs Worth Carolina. 
es Oo BENIN De ee eset Iowa. AL SS. “REA S.2 SS eee Ohio. 
Dh Ve CORRE ces as Kentucky. HY MM SHARP! =e Ohio. 
Bie) SKE GNEAIN 2 = So oe Maine. S: H: Gram) ee @reeae 
IR SeeACe AS WNGT Se Oiaws oles Roe Maryland. JuLIus ADLER _____~ Pennsylvania. 
Spe Ne sel EA CCAM Teas Maryland.’ Matcotm Uniman _Pennsylvania. 
W. D. Sontmr_____ Massachusetts. CC PLUMES ene Rhode Island. 
G. E. JoHnson______-_NebrasKa. fh We Dirxe = a Vermont. 
W. EF. PuURRINGTON, RAB) ELS BE Virginia. 

New Hampshire. C.. ‘B.. Scorr._— = 422 Sirois 
Pres se GuAGH see ere New Jersey. ES C. BENNET___ =~ West. Vifginia. 


OFFICE OF PUBLIC ROADS AND RURAL ENGINEERING REPRESENTATIVES. 


Chairman, PREVOST HUBBARD, Chemical Engineer. 


A. T, Goxtppeck, Engineer of ! C. S. RErvs, Chemist. 
Tests.  B. A. ANDERTON, Assistant 
F, H. Jackson, Assistant Test- Chemist. 


ing Engineer. 
H. S. Farrpank, Highway Engineer. 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 556 


. Contribution from the Forest Service 
HENRY S. GRAVES, Forester 


Washington, D. C. PROFESSIONAL PAPER September 15, 1917 


e 


MECHANICAL PROPERTIES OF WOODS 
GROWN IN THE UNITED STATES 


By 


J. A. NEWLIN, in Charge of Timber Tests 
and THOMAS R. C. WILSON, Engineer in 
Forest Products 


CONTENTS 


Purpose of the Study Glossary . . ee « « « 
’ Scope and Method of Experiments. . . Formulz Used in Computing 
Precautions to be Observed in the Use of Tabiel .. 

the Data. . «4 
Data on Green Timber ; List of Publications and Papers Dealing 
Data on Air-dry Timber with the Mechanical Properties of 
Explanation of Tablesland2 ... . aaceiire Wek si enttehts 
Explanation of Table 3 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1917 


FOREST SERVICE. 


HENRY S. GRAVES, Forester. 
ALBERT F. POTTER, Associate Forester. 


BRANCH OF RESEARCH. 


Earze H. Cuarp, Assistant Forester, in charge. 


Forest Propucts LABORATORY. 


CaRLILE P. Winstow, Director. 
Frank J. Hattaver, in charge of Review. 


ee 


SECTION OF TIMBER TESTS. 


J. A. Newun, Engineer in Forest Products, in charge. 
T. R. C. Wison, Engineer in Forest Products. 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 558 


Contribution from the Office of Markets and Rural Organization 
CHARLES J. BRAND, Chief 


Washington, D. C. 


Wy July 28, 1917 


By 


GEORGE LIVINGSTON and K. B. SEEDS, 
Specialists in Grain Marketing 


CONTENTS 


Introduction .. . 

Function of the Country Elevator . . 

Methsds of Purchase 

Methods of Sale 

Place of Sale . . 

Price Paid to the Producer 4 

Transient and Permanent “Seoop- 
Shovelers” . . . 

Contracting with Farmers for Future 
Delivery 

Storing Grain for Farmers... . . 


Farm Storage. . . . « 2» e© © «© « « 
Handling Grain for Farmers . ... - 
Advantage of Growing Uniform Waneucs 
Farm and Elevator Scales 
Supply of Elevators .° .. . - 
Cost of Operating a Country Elevator. . 
Hazards of the Country Elevator Busi- 
ness : 
Farmers’ Cooperative Associations . .- 
Conclusions . . « = © © © e = » »e 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 


Stee 
Sp ON 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 559 


Contribution from the Office of Markets and Rural Organization 
CHARLES J. BRAND, Chief 


Washington, D. C Vv July 14,1917 


ACCOUNTING RECORDS FOR COUNTRY 
CREAMERIES 


By j \ 


JOHN R. HUMPHREY, Investigator in Market Business 
Practice, and G. A. NAHSTOLL, Assistant in Market 
Business Practice 


CONTENTS — 


Page Page 
Advantages of Standardizing Accounting Method of Operating the System in Co- 
Systems operative Creameries : 

Types of Creamery Organization ... . Changes Necessary Under Private Man- 
Operating Methods agement 

Accounting Conditions Cost Accounting 

Accounting Requisites Conclusion 

Forms ... =...» » following . 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1917 


ih 


AT A 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 564 : 


Contribution from the Bureau cf Entomology 
L. O. HOWARD, Chief 


Washington, D. C. 2 October 4, 1917 


COLLECTION OF WEEVILS AND 
INFESTED SQUARES AS A MEANS OF CONTROL 
OF THE COTTON BOLL WEEVIL IN 
THE MISSISSIPPI DELTA 


é By 


B. R. COAD and T. F. McGEHEE, Entomological Assistants 
Southern Field Crop Insect Investigations 


CONTENTS 


Page 
General Statement of Experiments Con-’ Plat Tests of the Value of the Bag-and- 
Hoop as a means of Weevil Control 
Time Interval between Bag-and-Hoop under Field Conditions 
Collections in Relation to Proportion of Studies on the Value of a Mechanical Col- 
Infested Forms Secured lector of Boll Weevils 
General Considerations and Summary . 


GOVERNMENT PRINTING OFFICE 
«1917 


wri 


CRS sae a a 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 565 


Contribution from the Bureau of Chemistry 
CARL L. ALSBERG, Chief 


| | Washington, D.C. May 11, 1918 


HOW TO CANDLE EGGS 


By 


M. E. PENNINGTON, Chief,-Food Research Laboratory 
M. K. JENKINS, Assistant Bacteriologist 
and H. M. P. BETTS, Artist . 


a 


CONTENTS 


Page 
Introduction How to Hold an Egg When Candling .. 5 
Grading of Eggs ; What to Look forin Candlingan Egg. . 6 
The Egg Candle. . Classified Description of Eggs Before the © 
The Structure of the Egg Candle and Out of the Shell 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1918 


Sota Nee 


1) alae 
hie Pee 


a 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 575 


Contribution from the Bureau of Animal Industry 
JOHN R. MOHLER, Chief 


Washington, D. C. i Vv July 23, 1918 


STOCK- POISONING PLANTS 
OF THE RANGE 


By 


C. D. MARSH, Physiologist, Pathological Division 


CONTENTS 


Prefatory note Wild cherry 
Introduction Milkweed 

Loco plants Woody aster . . 
Larkspurs . Colorado rubber plant 
Cicuta (water hemlock) . . Western sneezeweed 
Death camas Oak 


Prevention of losses 
- Conclusion 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1918 


| 


PUBLICATIONS OF U.S. DEPARTMENT OF AGRICULTURE RELATING TO 
STOCK-POISONING PLANTS. : 


AVAILABLE FOR FREE DISTRIBUTION. 


Mgaaseation of ferns from Pasture Lands in Eastern United States. (Farmers’ Bulletin 
687.) 

Prevention of Losses of Stock from Plant Poisoning. (Farmers’ Bulletin 720.) 

Eradicating Tall Larkspur on Cattle Ranges in the National Forests. (Farmers’ 
Bulletin 826.) 

Zygadenus, or Death Camas. (Department Bulletin 125.) 

Lupines as Poisonous Plants, (Department Bulletin 405.) 
Principal Poisonous Plants of the Western Stock Ranges. (Bureau of Plant Industry 

Miscellaneous.) © 

Menzesia, a New Stock-Poisoning Plant of the Northwestern States. (Bureau of Plant 
Industry Miscellaneous.) 

The Cause of the ‘‘Spewing Sickness’’ of Sheep. (Bureau of Rameal Industry Leaflet 
A. 9.) 

Cicuta (Water Hemlock) as a Poisonous Plant. (Bureau of Animal Industry Leaflet 
A. 15.) 

White Snakeroot or Richweed (Eupatorium Urticsefolium) as a Stock-Poisoning Plant. 
(Bureau of Animal Industry Leaflet A. I. 26.) 


FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS, GOVERNMENT PRINTING 
OFFICE, WASHINGTON, D. C. 


The Loco-weed Disease. (Farmers’ Bulletin 380.) Price 5c. 

Utilization of Logged-off Land for Pasture in Western Oregon and Western Washington. 
(Farmers’ Bulletin 462.) Price 5c. 

Larkspur or ‘‘ Poison Weed.”’ (Farmers’ Bulletin 531.) Price 5c. 

Stock-Watering Places on Western Grazing Lands. (Farmers’ Bulletin 592.) Price 
dec. 

Cicuta or Water Hemlock. (Department Bulletin 69.) Price10c. 

Grazing Problems in the Southwest and How to Meet Them. (Agrostology Bulletin 
16.) Price 5c. : 

The Stock Poisoning Plants of Montana. (Division of Botany Bulletin 26.) Price 
25c. 
The Poisonous Action of Johnson Grass. (Bureau of Plant Industry Bulletin 90, 
Part IV.) Price 5c. 

Larkspurs as Poisonous Plants. (Bureau of Plant Industry Bulletin 111, Part i) 
Price 5c. ; 

The Supposed Relationship of White Snakeroot to Milk Sickness or Trembles. (Bu- 
reau of Plant Industry Bulletin 121, Part I.) Price 5c. 

Mountain Laurel, a Poisonous Plant. (Bureau of Plant Industry Bulletin 121, Part 
II.) Price 5c. 

Results of Loco-weed Investigations in the Field. Laboratory Work on Loco-weed 
Investigations. (Bureau of Plant Industry Bulletin 121, Part III.) Price 5c. 

Barium, a Cause of the Loco-weed Disease. (Bureau of Plant Industry Bulletin 129.) 
Price 10c. 

The Relation of Barium to the: Loco-weed Disease. (Bureau of Plant Industry Bul- 
letin 246.) Price 10c. 

Kupatorium Urticsefolium as a Poisonous Plant. (In Journal of Agricultural Re- 
search, Vol.11, pp. 701-715.) Price 20c. 


yi 
an 


(. 
j 


\ < 
Hana 
lh 


¥ 
wae 3 


ri 


